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More and more ceramic pro- 
ducers are turning to the use 
of silicon 
carbide Kiln Furniture. Opera- 
ting reports based on a variety 
of service conditions endorse 
its superior characteristics. 
These are summarised, with 
benefits, as: 


35 Vol. resistance to thermal shock 
: provides freedom from cracking. 


Exceptional load carrying 
strength at elevated tempera- 
tures permitting use of thinner 
tile. 


Absence of boiling and blistering 
eliminating ware spotting. 


High refractoriness to avoid 
warping and cracking. 


A thermal conductivity about !0 
times that of fireclay means 
more rapid uniform heat flow 
to ware. 


We shall be Bive 
you the b fit of 
experience in this field. 


Write for details from 
THE CARBORUNDUM COMPANY LTD 
TRAFFORD PARK MANCHESTER 17 
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THE ARTIST POTTER WILL TELL YOU WHY... 


Artist potters throughout the country will tell you that the Grafton Electric 


Kiln is outstanding in performance. Firing anxiety is completely removed 


as the predetermined temperature is reached uniformly and there is 


absolutely no fear of contamination from deleterious gases of combustion. 


A complete specification and details of all models is available upon request. 


THE GRAFTON KILN 


THE APPLIED HEAT COMPANY LIMITED 
ELECFURN WORKS, WATFORD BY-PASS, WATFORD. HERTS 


Telephone : WATHORD 6094 Telegrams GRAFTON, WATFORD 
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BUT THE GREATEST OF THESE 
IS CHARITY ! 


OLKS in North Staffordshire are having a fine time just at present 
finding out how nationalised industry is moving in mysterious ways. 
but not performing wonders! 

The chairman of the West Midlands Gas Board, apologising for a high 
price increase for industrial gas in the pottery industry lays the blame all 
neatly parcelled and tied up, like a waif on the doorstep of the National 
Coal Board. He says that the new pricing policy of the Coal Board will 
cost the Gas Board £100 million a year extra. He suggests that a large 
amount of coal is brought into North Staffordshire from outside, whilst a lot 
of North Staffordshire coal is sent outside the Division, and suggests that 
this extra haulage cost would be about £30,000 a year. 

It is, however, true that the Coal Board were quick to deny. From way 
down in London the Coal Board was reported officially as saying: “As far 
as prices are concerned, the information given by Mr. Diamond is incorrect. 
We are communicating with him.” As yet the contents of the letter remain 
a top secret. 

Then one reads that the British Electricity Authority and the Midlands 
Electricity Board have jointly decided to give 5.000 guineas—not pounds— 
to the North Staffordshire University College for research in physics! 

Surely the very reason for the nationalisation of fuel—or to use the more 
currently polite phrase, the integration of the fuel industries, was to avoid 
this very type of complaint. If coal and gas cannot find any excuse for 
passing on excessive costs to the consumer other than by passing the buck. 
it is a ludicrous situation. Either the chairman of the Gas Board is right 
and the Coal Board is inefficient-—or, alternatively, the Coal Board is right 
and the Gas Board is seeking an erroneous excuse for its inefficiency. Only 
an enquiry could elucidate which Board is telling the truest half-truth, and 
until then the great British public, like the P.B.I., will continue to do as it 
is told——*’Tis not to wonder why!”—and meet their increased bills for 
1952 with that great determination and courage in face of adversity which 
has always characterised the British! 

Indeed. what lucky people are the officials of these Boards. For one 
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reason or another their outfit makes a loss this year and yet there is no need 
to bother about the increments in salary for the officials next year, or their 
vast pension schemes, or that new canteen. All that they have to do is to 
see how much their losses totalled in 1951 and by adding pennies and half- 
pennies here and there, ensure that the consumer pays them their losses in 
1952. No wonder it is not necessary to have a genius running a nationalised 
industry for littke Tommy fresh from the scholarship examination and hav- 
ing mastered the intricacies of additions and subtractions in pounds, 
shillings, and pence together with a passing knowledge of division and 
multiplication, can do the job equally successfully, and what is more, would 
be content with Ss. pocket money tax free! 

But the unkindest cut of all is for the British Electricity Authority and the 
Midlands Electricity Board to appear before penurious people as philan- 
tropists. In this publicly-owned affair presumably the humble “ordinary” 
shareholders were issued with a referendum and the majority agreed that 
they would rather the University College received the money for a noble 
cause than they should have their electricity bills cut! Or did they? Or 
was it that the Electricity Authority doubted the public spirit of its new 
shareholders in the new people’s fuel industry. 

Much has been said by the cynic about gifts to charity being a subdued 
knocking on the door which opens to an appearance of an individual in the 
Honours List. Let us hope that in the new fuel integration it will not be 
possible for a gentleman paid a salary to run a public enterprise to give 
away certain of its takings to certain charities without reference to the sup- 
plier of his wages and funds, and simultaneously receive honoured recogni- 
tion as a philanthropist and a public benefactor! 

Electricity tariffs went up recently in the Midlands area! But when a 
university college is started with the great hope that one day it will be a 
proper university and have chancellors and senates and convocations and 
all those throw-backs from the monasticism of the older universities, 
someone must pay for the garb. As usual it is the consumer—the poor 
chap who is told he is not to use coal. gas, or electricity and who is already 
charged excessive prices for what little he dares to use, after reading the 
threatening posters of the Ministry of Fuel and Power. 


A tunnel kiln for manufacturing flower pots, recently installed at 
Weston-super-Mare 
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Kiln car tops made in 
REFRACTORY CONCRETE 


will withstand arduous conditions 


One of the main advantages of Re- 
fractory Concrete (composed of 
Ciment Fondu and crushed fire- 
brick) is the fact that any size or 
shape can be readily cast in one or 
more pieces, and it is therefore the 
ideal material for kiln car tops. 

Refractory Concrete is ready for 
use and of great strength and 
hardness in 24 hours, can be cast 
to any shape, requires no pre- 
firing is stable under load up 
to 1300° C. and has no appre- 
ciable after-contraction. Brick 
Works Managers find Refrac- 
tory Concrete useful for kiln 
foundations, doors, floors, 
arch coverings, wicket repairs, 
flues, flue linings, flue blocks, 
dampers, tunnel car tops and 
superstructure cover blocks, 
door linings, brick setting, 
general repairs and 
patching. 


Photograph shows Kiin car tops made with Ciment Fondu after more than 5 years 
continuous service. Reproduced by courtesy of Halesowen Brick & Tile Co. Ltd. 


Please write for further details and literature 


FONDU 


treme tore 
OUS CEMENT 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED 73 BROOK STREET, LONDON, W.1 
Telephone: MAYfair 8546 


3-1129 
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RESEARCH 
—The Heavier Side 


by ARGUS 


MADE one or two comments upon 

research in the December issue, and 
the outcome is the letter reproduced 
below. 


The anonymous “Argus” cannot be 
allowed to get away with cheap jibes 
and sneers at research workers without 
a reply from “one of the workers.” It 
is pleasing to note that “Argus” classi- 
fies himself with the habitués of the four 
ale bar in that he is prepared to talk on 
science with the air of one who knows 
nothing about it. 


Operational Research 

During the war I worked alongside 
many scientists and laymen on research 
connected with explosives, and reject en- 
tirely the implication that the research 
worker sat back and took no risks what- 
ever. The manufacture of lead azide. 
mercury fulminate and detonators, for 
example. is not. without incident, and 
one girl lost her life to my knowledge. 
while another probably still carries scars 
from a premature explosion. | have no 
doubt that in other Services scienists 
were equally faithful and courageous in 
their duty. 

With regard to the managing director 
who took his visitors around the labora- 
tory “Zoo.” no doubt this frame of mind 
accounts for plants in which a machine 
made in 1880 is still called the “new” 
machine; taking the pottery industry as an 
example, grinding pans are in use which 
were laid down nearly 100 years ago 
but of course research into grinding 
problems has not really started—has it? 
A research programme is obviously indi- 
cated: the electron microscope might 
help” 

Science—A Money Spinner 

| believe it is a fact that the most 
progressive and wealthy industrial firms 
are those in which research is used cor- 
rectly as a tool for cutting down costs 
and improving quality and quantity pro- 
duction. The great progress of LC.1., 
Monsanto, and many of the oil firms 
would have been impossible without such 
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research, both pure and applied. “Those 
chaps living in the sulphuretted atmo- 
sphere of their laboratory” have. of 
course. been trained as analysts, but 
“Argus” wants them to change jobs and 
advise the buyer who does not know 
where to. lay his hands on_ nickel. 
chromium or copper. Horses for courses, 
indeed! If a man has trained as a 
physicist. why expect him to turn coat 
and become a time and motion study 
expert. who will boost factory produc- 
tion. I know which is the easier work. 


An Escape Route 

Put the boot on the other foot. The 
industrial research worker advises a 
modification to plant which will improve 
quality or output. How often we hear 
“that is a matter of policy which does 
not directly concern you”—and the item 
is buried for a while. With the result 
that Americans patent in Britain pro- 
cesses which were discovered ten years 
ago in this country, and we now have to 
pay them royalties to use a_ process 
turned down by the managing director. 

“Argus” suggests that research workers 
could only find a penurious occupation 
as teachers. What bunkum. Look at 
the Boards of your big technical firms 
and degrees abound galore. The logical 
dissecting mind of the scientist can be 
invaluable to the man whose personality 
cuts him out for a leader of men. 
He can make mincemeat of tottering 
arguments. both technical and financial. 

About 1931 good chemists and good 
anything else were dirt cheap. and the 
last few vears have shown that many 
other professions and = trade unions 
profited from that bitter experience: 
why, even a painter became a dictator. 
and builders have learned how to build 
half as many houses in twice as long. 
Who stands for progress” 

It is with deep regret that we must 
share this little planet with “Argus,” but 
after all he may yet have his way, and 
Britain) will, when all the research 
workers have emigrated to the U.S.A. 
and Russia, be able to revert to the good 
old days when every man was a farmer. 
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carpenter, bricklayer, painter, potter, 
weaver at the same time. 
But perhaps I have treated “Argus” 
too seriously ! 
E. C. Broor; B:Se., 


With the examples quoted by Mr. 
Bloor one cannot help but agree in 
general—although arguments for the 
particular to the general are often 
specious. Yet, what were my 
comments in December? 

My reaction to operational research 
during World War II and its relation 
to service personnel who were carry- 
ing out the dangerous job is based 
upon fact! My comment upon the 
pre-war research laboratory being 
viewed very frequently as a_ sales 
feature of the organisation has been 
commented upon elsewhere ad nauseum. 
My statement that the universities have 
maintained a stranglehold upon the 
training of research workers is surely 
indisputable. The fact that the new 
Royal Colleges of Technology are 
only going to award Associateships, 
Memberships and Fellowships instead 
of respective degrees such as “bache- 
lor.” “master,” and “doctor” point this 
way. 

This may seem relatively unimpor- 
tant but I would stress the recent 
comment by Sir Harry Jephcott writ- 
ing in Research, from the Glaxo 
Laboratories at Greenford. He says: 
“the work for the Ph.D. may be excel- 
lent experience but it is questionable 
whether it affords the best training for 
the chemist who is ultimately to enter 
industry or a research organisation.” 
Referring to the snob value of a Ph.D. 
he quotes an example of a first-class 
graduate with an excellent industrial 
record who felt it necessary to resign 
his job in industry to spend 2 years 
obtaining this Ph.D. because, as he 
said, “he had no standing with his 
colleagues unless he was called doc- 
tor!” Sir Harry Jephcott also men- 
tioned that in one university faculty 
of chemistry the number of Ph.D.’s 
awarded has been doubled since 1947. 
He considers, however, that it will be 
very hard for these people to tackle 
the problems of productivity. 


University Monopoly 


Lord Eustace Percy realised the 
importance of a degree in technologi- 
cal subjects for in his first report on 


551 


CERAMICS 
technical education he suggested the 
degrees, B.Tech., M.Tech., and 
D.Tech. In a concluding note in his 
report he referred to the universities 
rigorously opposing the awarding of 
degrees because they felt it was their 
privilege and monopoly. 

Recently Dr. Bronowski, chiet 
scientist to the National Coal Board, 
has commented upon the same 
deficiency in our technological 
training! 

Is my somewhat satirical comment 
on research not but another expression 
of the diversity which prevails between 
research in its purest form as_ prac- 
tised and taught by the vast majority 
of the universities and practical 
problems? 

If a man has spent 4 years in 
obtaining a first-class honours degree 
in chemistry based entirely upon a 
theoretical knowledge of chemistry in 
general and the particular field of 
interest to his professor of chemistry 
in particular, is he not in danger of 
becoming at the completion of his 
training but another human encyclo- 
peedia? And if, having completed his 
training he is then caught up with a 
discontinuity of pure, fundamental 
research unrelated to practice, what 
other future is held out to him apart 
from teaching a new generation the 
encyclopedic knowledge which he has 
already gathered unto himself, and 
which because of his non-experience 
of affairs commercial, he is incapable 
of applying? 


Emigration of Research Workers 

Regarding the emigration of 
research workers to the U.S.A. or 
Russia, | would hazard a suggestion 
that they would find little room there 
for true fundamental research. One 
has only to study the recent Anglo- 
American Productivity reports to 
realise that in America the diversity 
between the pure science of the uni- 
versity and the applied science of the 
technical institute such as the world- 
famous one in Massachusetts, has 
already been bridged. 

The demand in America is for tech- 
nologists trained in applied science 
rather than pure scientists. In Russia 
the position is similar. There they 
are not so much concerned with fun- 
damental research but rather with 
the acceleration of their industrial 
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potential and the application of existing 
discoveries to an ever widening field. 

| feel that the research worker 
trained in pure science who thinks 
that Russia is an outlet for him, would 
suffer a disappointment. They do not 
even want a knowledge of atomic 
physics but they do wish to have an 
applied knowledge of the engineering 
construction of an atomic pile or the 
various types of atomic bomb. I 
assure Mr. Bloor that he has not 
treated me too seriously. 


Unbalanced System 

There are several ways of driving 
home a point—firstly it can be by a 
reasoned statement of one’s argument, 
in Which case the observations are 
passed without comment. — Alterna- 
tively one can exaggerate to make a 
point or one can treat a serious sub- 
ject apparently in a non-serious vein: 
the latter often succeeds—as it has 
done in this case. The essential facts 
of the matter are surely that the 
British university approach to research 
is still preponderantly weighed in 
favour of training pure scientists and 
as a result the major discoveries of 
the past 100 years have emanated 
from the British. Their commercial 
application, however, has many 
cases occurred in overseas countries, 
particularly Germany and America. 
Since it is the commercial application 
which earns a nation’s dividends then, 
not unnaturally, it is that commercial 
development which is sold in the form 
of patents and not the original idea. 

Briefly, our university system is 
training men to have ideas but not to 
apply them. A balance is necessary, 
of course, but it is useless having 90 
per cent. of our technologists as 
“ideas men and only 10 per cent. as 
appliers of ideas. Herein lies the crux 
of the matter. If we continue to 
cream the best of our school products 
into the universities by grants and so 
on, and leave the seconds to go into 
our very ill-equipped and under-sup- 
ported technical colleges or similar 
technological institutes, we will con- 
tinue to have an unbalanced system 
where trained “doers” are at a 
premium and trained “planners” are 
ten-a-penny. 

To conclude with a_ twist from 
John Ball's classic slogan during the 
Peasants’ Revolt: “When Adam did 


research and so did Eve, who was left 
to improve the weave?” 

But, of course, the purists can take 
solace that man learns only very 
slowly. Xenophon, living 430-355 
B.c., said: “What are called the 
mechanical arts carry a social stigma 
and are highly dishonoured in our 
cities.” The Eton headmaster at a 
recent speech day suggested that the 
State should supply the money for 
education in the form of buildings 
and salaries for teachers, and then 


get out and leave the teachers to get 
on with the job the way they thought 
was right and proper. He is the 
modern exponent of Xenophonism. 


An Appeal 


To revert from polemics | would 
like to make an appeal for a good 
cause. Up and down the country 
there are many schools for physically 
handicapped children. No doubt the 
story is the same in all, but the one 
which I happen to Know is in Acton, 
W.10. 

Every day more than 600 miles of 
Middlesex roads are covered by child- 
ren coming to this special school. 
They cannot attend the normal school 
for many have spent months in a 
hospital. Some have physical handi- 
caps which medical science cannot 
explain—let alone help. And yet, by 
one of those peculiarities of human 
nature, they form a happy band of 
intelligent people and a bright school 
community. 

As far as possible, with their vary- 
ing disabilities, they receive a normal 
primary arid modern school education, 
of course, they are handicapped by 
long school absences through illness. 
and their teachers have teaching prob- 
lems far and away in excess of those 
of the normal teacher. 

Not unnaturally handicrafts in one 
form or another comprise an impor- 
tant part of the school curriculum 
and these children seemed to show a 
remarkable aptitude for both line and 
colour. 

But to the point! 

Their activities include moulding in 
clay, so far restricted to solid figures 
and rough holloware. The school 
could do with a potter’s wheel which 
would greatly enlarge the field of 
interest by enabling the children to 
turn out objects of real use. There 
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This infra-red conveyor drver, heated 
by gas radiant panels, handles flat or 
medium holloware atter glaze dipping 
The Mitchell organisation manufactures 
many other types of drvers for the trade 
and our experience is offered to help you 
decide your own particular requirements. 


L. A. MITCHELL LTD. * 37 PETER STREET * MANCHESTER 2 
Phone «+ BLAckfriars 7224 (4 lines) 
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must be a number of potter's wheels 
lying moribund in North Staffordshire 
and if there is one which will work 
perhaps an offer to the Head Teacher. 
Lower Place School, Barrett's Green 
Road, London, W.10, would be grate- 
fully received. 

And following on this, of course. 
comes the need for a_ kiln—just a 
small kiln—the kind which in various 
nooks and crannies in and around 
North Staffordshire helps to decorate 


Bipweg the title “Instruction on the 
Care and Maintenance of P.V.C. 
Gloves and Clothing.” James North and 
Sons Ltd., Godley Mills. Hyde, Cheshire. 
have issued a most useful book. Ob- 
viously protective clothing is important 
not only from the humane aspect but 
also in the diminishment of losses due to 
temporary absence from work. 
Primarily it describes the value of 
“P.V.C.” as a protective medium itself, 
It then outlines some of the many regu- 
lations facing the ceramic, gas, paint, 
electroplating and allied industries. It 
describes what the operative should do 
when putting on or removing this cloth- 
ing as well as giving attention to cleaning 
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pottery for the home market and 
which might have been obsolescent by 
the vigilance of H.M. Board of Trade. 
In short, a studio kiln! If there is 
one going I am sure the Head Teacher 
of Lower Place School will be pleased 
to hear of it. 

And just in case you get me wrong, 
he has no intention of paying for 
either of these articles of equipment 
but then, no doubt, the offerers would 
not accept payment. 


CLOTHING 


and maintenance of the clothing itself. 
Four methods dealing with contaminants 
are set forth with a list of chemicals and 
the appropriate cleaning method. Fur- 
ther notes are given on the storage of 
protective clothing. 

The various regulations which are out- 
lined deal with a whole variety of 
industry and the legal aspect of the 
employer in giving adequate protection 
to the employee. Attention is also drawn 
to a wall chart measuring 38 in. by 25 
in. which covers points which should be 
known to the employee himself in so far 
as the care and maintenance of P.V.C. 
gloves and clothing is concerned. A 
most useful piece of prestige literature! 
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SILICON 


CARBIDE 


—Its Preparation, Properties and Uses in the 
Ceramic Industries 


"THE history of the discovery of 
silicon carbide has been sum- 
marised by A. C. Lea (Trans. Brit. 
Ceram. Soc, 40, 93. 1940-1), who also 
deals with the properties and uses of 
this interesting material, and gives an 
extensive bibliography. According to 
this author, J. J. Berzelius (Pogg, Ann. 
1, 169, 1824) produced a mixture of 
silicon carbide silicon in_ the 
course of reduction of potassium fluo- 
silicate with potassium (probably in 
the presence of carbon). Twenty-five 
years later C. M. Despretz (Conipt. 
rend, 29, 720, 1849), in attempting to 
make diamonds by passing an electric 
current through a carbon rod bedded 
in sand, obtained hard abrasive 
crystals which were probably silicon 
carbide. Amorphous silicon carbide 
was made by P: Schutzerberger (ibid. 
92, 1.508, 1881) by heating a mixture 
of silicon and silica with lampblack 
in a graphite crucible. 

E. G. Acheson (J. Frankl. Inst, 136 
194, 1893) discovered blue crystals in 
1891 while conducting experiments to 
dissolve carbon in a molten alumino- 
silicate mixture. These he regarded 
as a compound of carbon and alumina 
and called them carborundum. English 
and American patents for this process 
were taken out in 1892 and 1893. It 
should be noted that this name is now 
a protected trade name for a brand of 
silicon carbide made by the Carborun- 
dum Co. Ltd. 


Commercial Preparation 

The first large-scale preparation of 
silicon carbide was carried out in 
America in 1894. It was known that 
silicon and carbon would combine at 
a high temperature, and the electric 
furnace provided a convenient way of 
achieving this. 


by 
W. L. GERMAN, ™.Sc.. Ph.D.(Lond.), F.R.I.C. 


The mixture used comprises silica 
sand, coke, sawdust and salt. This is 
packed around a massive carbon core 
in a long trough-like furnace. The 
core is often built up of coke and in 
contact with carbon electrodes built 
into the ends of the furnace. The 
charge composition varies according 
to different authors, but that given by 
F. L. Nobes Und. Chem. 6, 183, 1930) 
may be considered as representative, 
VIZ. : 

Coke 35 per cent. 
Sand 56 per cent. 
Sawdust 7 per cent. 
Salt 2 per cent. 

The salt is added to remove im- 
nurities in the sand and coke, such as 
iron, Which escapes as the volatile 
ferric chloride, while the sawdust 
burns out, giving porosity to the mass 
and facilitating the escape of the large 
quantities of gas (e.g. carbon mon- 
oxide) produced in the reaction. 

Furnaces are built in various sizes 
up to about 20-30 tons capacity, and 
heavy currents are used to produce a 
tenperature of approximately 2,200 
C. According to A. C. Lea (loc. cit.) 
the initial voltage required is 250-300 
dropping to 200 as the cell warms up, 
and the amperage increases from 
6,000-20,000. = This corresponds to a 
consumption of about 3°5 k.w.h. per 
lb. of carbide produced. The heating 
is continued for about 36 hours and, 
after cooling, the furnace sides are 
taken down, and the charge removed. 
On the outside there is a_ large 
amount of unchanged charge, passing 
inwards to amorphous carbide, and 
finally a layer of crystalline material 
is found around the core. This has 
been estimated at about 3 per cent. of 
the charge. 

The crystalline material is crushed 
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then washed in acid and alkali, and 
finally magnetted to remove traces of 
iron and dried. The crushing is done 
in pans with heavy manganese steel 
rollers, or in disintegrators of the 
swing hammer type. The wear on 
these hammers is considerable. 


Varieties of Silicon Carbide 
Commercial grades of the material 
vary in colour from green to black, 
though the pure material is said to be 
colourless. H. Hoffmann (Thesis 
Tech. Hochshule. | Brunswick, Ger- 
many, 1934; cf. also H. N. Baumann, 
Jnr., and J. P. Swentzel, Bull. Amer. 
Ceram. Soc. 16, 419, 1937) sorted 
green Norwegian carbide, and found 


that it contained as well, black and 
yellow crystals. Analysis showed 
varying amounts of carbon amounting 
to 2°64 per cent. in the black carbide, 
1:27 per cent in the green, and 0:29 in 
the yellow. This Hoffmann con- 
sidered to be colloidally dispersed in 
the crystals. The true specific gravity 
of these crystals was respectively 
3°217, 3°214 and 3°219. The material 
also contains free silica, and silicon, 
iron oxide, lime, and alumina in small 
amounts. The analytical figures of 
several authors are quoted in A. C. 
Lea’s paper (loc. cit.) W. R. Mott 
(Trans. Amer. Electrochem. 12, 241, 
1907) attributed the irridescence on 
the crystals to a film of fused silica. 
Hydrofluoric acid removes it, and oxi- 
dation restores it. 


Refractoriness 


Silicon carbide does not 


An electric furnace for production of silicon carbide 
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below its dissociation temperature, 
which is above 2,200° C. Various 
investigators have quoted values 
ranging from 2,220°-2,700° C. 

The refractoriness, of course, 
depends in the type and amount of 
bonding material used if necessary. 

Methods have been proposed for 
shaping the grain without the use of 


a bond, but these involve heating 
to very high temperatures (cf. A. 
C. Lea (loc. cit.), Baumann = and 
Swentzel (loc. cit.)) and probably 
most silicon carbide refractories em- 
ployed nowadays use a_ bonding 
material. Various substances have 


for refrac- 
is the 


been used as bonds, but 


tories a refractory clay most 


‘Courtesy, The Carborundum Co. Ltd.) 


popular. High-grade refractories con- 
tain 85 per cent. or more of the silicon 
carbide grain—these are sometimes 
referred to as Grade A. A Grade B 
product contains 70-80 per cent. and 
50 per cent. or less is described as a 
semi-silicon carbide product. 
Obviously it is an uneconomic pro- 
cedure to use more silicon carbide in 
the product than is required to give 
the necessary refractoriness. This 
depends, of course, in the bond and its 
amount. Trade literature gives a 
P.C.E. value for high-grade (85 per 
cent. or over of silicon carbide) refrac- 
tories of this type as Orton Cone 37-40 
(approximately 1,820°-1,885° C.). 


Use of Silicon Esters 

Recently a method of bonding 
refractories with the use of silicon 
esters has been described, in which the 
refractory material is bonded with the 
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Boiler grade, showing installation of silicon carbide Bernitz blocks 


aid of a slurry made from a_ hydro- 
lysed silicon ester: On firing, this is 
decomposed leaving silica in a very 
active form and binding the refractory 
grains together. This firing is carried 
out at only about 1,200° C. and with 
this method it is possible to produce 
shapes to close tolerances (cf. 
CERAMICS 2, [13], 8, 1950). 


High Strength at Elevated Tempera- 
tures 

Other very desirable features of 
silicon carbide refractories are their 
very high strength at elevated tem- 
peratures and their heat conductivity. 
One well-known brand marketed in 
this country has a modulus of rupture 
at 1,.350° C. which varies from 800 
Ib. /sq. in. for the lower grade material 
to 3,125 Ib./sq. in. for the higher 
grade. The crushing strength of most 
types is of the order of 10,000 Ib. /sq. 
in. at this temperature. They also 
show no contraction in 5 hour reheat 
tests at 1,600° C. 

This strength at high temperatures 
is very important, as it provides an 
insurance against premature failures 
under load in continuous furnaces. 


High Thermal Conductivity 

The thermal conductivity of silicon 
carbide refractories is about ten times 
that of ordinary fireclay, and because 
of this fact it is being increasingly used 
in muffle kilns, where the heat has to 
be transmitted through a wall. — By 
using a silicon carbide refractory as 
the muffle wall it is possible to reduce 
fuel consumption in maintaining the 
same temperature, or alternately to 
speed up the flow of ware through 
the kiln while maintaining the same 
fuel consumption. 

Its use for the superstructure of kiln 
cars is another example of advantage 
being taken of the refractoriness and 
high heat conductivity to ensure better 
firing performance. Vitreous enamel- 
lers are increasingly using silicon car- 
bide for building the inner walls of 
muffle kilns, and the same has been 
done in a few pottery kilns recently. 
The high emissivity of silicon carbide 
is another advantage for muffle walls. 


Spalling Resistance 

Resistance to spalling is very high 
since the coefficient of expansion of 
silicon carbide refractories is low. 
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Various values are given in the litera- 
ture but it seems that the value is 
approximately 50 x 10-° over the 
range up to 1,400° C., the expansion 
curve being a straight line. The Car- 
borundum Co. quote a value of 47 ~x 
for their “Carbofrax”  refrac- 
tories. The results of what spalling 
tests have been published show the 
superiority of bonded silicon carbide 
refractories over other types. M. L. 
Hartmann and O. A. Haugen (Trans. 
Amer. Electrochem. Soc. 36, 1920) 
heated the samples to 1,.350° C. and 
quenched in an air blast. After ten 
cycles the percentage loss in samples 
of bonded silicon carbide varied from 
0°3-8:0. Silica bricks showed 100 per 
cent. loss by the same treatment. H. 
Wilson, C. E. Sims and F. W. 
Schroeder (J. Amer. Ceram. Soc. 1, 
907, 1924) carried out tests in nine 
types of brick and showed that 
recrystallised silicon carbide was the 
only one which showed no loss at the 
end of ten cycles. 

The hardness of silicon carbide is 
high and this leads to high resistance 
to abrasion, either mechanical, or as 
the result of the action of flame 
impingement. 

Oxidation of Silicon Carbide 
Refractories 

Silicon carbide appears to oxidise 

slowly to form. silica and carbon 


A recuperator in 
silicon carbide 


(Courtesy, The 
Carborundum Co. Ltd.) 


Caulked Joints. 


dioxide. The silica appears to be in 
the form of cristobalite and the 
change results in expansion. 
According to A. C. Lea (loc. cit.) this 
disintegration takes place between 
1,000° and 1,140° C. Below and 
above these limits the material appears 
much more stable. The stability at 
higher temperatures is sometimes 
attributed to the fritting of the silica 
with impurities in the material, and 
this forms a protective coating on the 
surface. Lea has suggested that oxi- 
dation of silicon carbide is assisted by 
iron oxide in the material acting as an 
oxygen carrier. 
SiC + 4FeO — SiO. + CO. + 4Fe 

2Fe + O.—>» 2FeO 

Reaction of iron with the silica at 
high temperatures would remove it. 
and would also form a_ protective 
coating. Another suggestion is that a 
constituent of the clay bond acts as a 
catalyst. According to Baumann and 
Swentzel (loc. cit.) bonded silicon 
carbide refractories, particularly the 
high grade type, are now protected by 
a refractory type of glaze. They give 
references to several patents. 


Applications 
The principal applications of the 
material in the ceramic industries are 
as follows: 
(a) furnaces for steam raising and 
firing: 
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(b) for the manufacture of 
wheels; 

(c) for kiln furniture and saggars: 

(d) for electrical resistors designed to 
operate at high temperatures. 

The use of silicon carbide refrac- 
tories for boiler plant was one of the 
earliest applications of this material. 
It combines the very desirable feature 
of great strength with low permea- 
bility. Clinker does not adhere to it 
and it is very resistant to erosion by 
furnace dust and flame. B. W. Strom- 
berg (Chem. Met. Eng., 37, 685, 1930) 
gives the results of the erosion produced 
by an oil flame charged with molten 
coal ash high in iron oxide on a test 
panel of bricks at 1,350° as follows: 

High-grade firebrick I in. 

Silica brick in. 

Silicon carbide brick — Negligible. 
These results were obtained after 48 
hours treatment. 

The action of certain types of Ameri- 
can coal ash on a series of refractories 
was studied by C. R. Fettke and W. 
E. Stewart (Carnegie, Inst. Tech. and 
Mining and Met. Advisory Boards, 
Bull. No. 73, 1936). Silicon carbide 
had a higher resistance than the other 
high-grade refractories tested. 


abrasive 


The high heat conductivity of sili- 


con. carbide - bricks combined with 
high strength makes air cooling of the 
furnace walls possible. 

The grain is also made up with 
plastic clay and other materials to give 
cements which set in air, and are 
suitable for patching and for rammed 
up linings. 

The use of silicon carbide refrac- 
tories in the danger spots in_ boiler 
installations ensures long life and 
freedom from = shut downs This 
extended life justifies the cost invclved 
in reconstructing furnaces with this 
type of material. 


Silicon Carbide Recupera‘ors 


Heat recuperators are of very prac- 
tical interest in these days of high fuel 
costs. The high heat conductivity and 
refractoriness of silicon carbide make 
it a very useful material for extracting 
heat from gases at high temperatures. 
F. J. Tone patented a recuperator 
using this material in 1922, and W. H. 
Fitch has since taken out a number of 
patents covering improvements — in 
design. In particular he increased the 


efficiency of the recuperator by the 
use of “corebusters’—cylinders of 
fireclay placed inside the silicon car- 
bide tubes of the recuperator. Accord- 
ing to B. W. Stromberg (Blast Fur. 
Steel Plant, 18, (3, 482, 1930) the use 
of a corebuster increased the recupera- 
tor efficiency from 37°3-52°5 per cent. 
in an experiment in which the flue 
gases entered the apparatus at over 
2,300" 260° 

For other experiments detailing the 
superiority of silicon carbide recupera- 
tors the reader should consult Bau- 
mann and Swentzel’s paper (loc. cit.). 


Abrasive Wheels 

The hardness of silicon carbide 
makes it a valuable material for the 
manufacturers of grinding wheels. 
These are normally vitreous, rubber 
and synthetic resin bonded. depending 
on the application for which they are 
intended. The manufacture — of 
vitreous bonded wheels is essentially 
a ceramic operation and merits some 
brief mention. 

The carefully graded silicon carbide 
is mixed with the fluxing materials 
which are to form the bond after fir- 
ing, and as the material is lacking in 
strength before firing a bond is added 
which will fire away in the kiln. 
Various gums, sugars, starches, etc., 
will suggest themselves for this pur- 
pose. The mixture is well com- 
pounded in rotating mixers and is then 
pressed to shape. After drying the 
Wheels are packed in saggars and fired 
in tunnel kilns or intermittent ovens 
similar to those used in the ceramic 
industries. The temperature reached 
is 1,200°-1,300° C. and a typical firing 
cycle is 14 days (intermittent). In tun- 
nel kilns the cycle varies from 48-118 
hours depending on the wheel size. 
After firing, the wheels are trued up, 
mounted on spindles, and balanced. 
They are tested for strength by run- 
ning at speeds in excess of those at 
which they are likely to be used. 
Abrasive wheels find applications in 
the ceramic industries tor sorting and 
polishing and for grinding out defects 
in large pieces of sanitary ware. 


Kiln Furniture and Saggars 

Bonded silicon carbide refractories 
have found wide application in 
America for kiln furniture and saggars, 
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and of late years it has come to be 

recognised in this country also that, 

although at present these refractories 
are more expensive here than over 
there, their performance in the long 
run offsets the expenditure entailed in 
equipping tunnel kilns with bats of 
this material. 

The advantages claimed may _ be 
summarised as: 

1. Very long life of saggars and kiln 

bats and props, due to fact that 
resistance of material to thermal 
shock gives freedom from cracking. 

. High strength refractoriness 
under load reduces risk of warping 

and collapse of kiln furniture. 

3. Thermal conductivity is about ten 
times that of fireclay, and this 
means that heat is more rapidly 
transferred to the ware. 

4. Fireclay refractories sometimes 
contain impurities which result in 
the ware being spotted as a result 
of spurting in firing. This fault 
does not occur with silicon carbide 
bats and saggars. 

In the past some trouble has been 
experienced with “growing” of the 
bats. due presumably to oxidation, and 
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the formation of silica mentioned in 
a previous section. It is understood 
that investigational work on this has 
produced improvements in this respect. 
G. S. Diamond (Bull. Amer. Ceram. 
Soc. 15, 297, 1936) states that coating 
the refractory with a ceramic coating 
to prevent ingress of oxygen prac- 
tically eliminates growing of the bats 
at certain temperatures. At others a 
retardation is obtained by this treat- 
ment. 

There is as yet no published infor- 
mation on the performance of silicon 
carbide refractories in the British 
pottery industry. Vitreous enamellers 
at home and abroad have recognised 
the advantages of high thermal con- 
ductivity and refractoriness in the con- 
struction of intermittent muffle kilns. 
Papers have also been published, 
chiefly in America, on the results of 
using silicon carbide for tunnel kiln 
furniture and for saggars. F. J. Tone 
(U.S. Pat. 1,296,715 (1919) | described 
the use of silicon carbide grog for 
saggars. 

A mixture of less than 60 per cent. 
grog, coarser than 60’s mesh, was used 
to avoid discolored ware. More 
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recently E. Allesandri (Ind. Vetro. 
Ceram. 7, 408, 1936) has made saggars 
by pressing a mixture of 90 per cent. 
silicon carbide grain and 10 per cent. 
of refractory clay. The grain was 
free trom fines and the clay was low 
in lime and magnesia. The saggars 
were used for firing porcelain, and an 
average life of more than 100 fires was 
claimed. Information given to the 
author suggests that silicon carbide 
kiln furniture is finding increasing 
favour in this country, but owing to 
the capital expenditure involved the 
change is being made gradually. 

In the electrical porcelain’ trade 
saggars fired in a tunnel kiln to 1,320 
C. have already done 400-500 cycles, 
which offsets the fact that their price 
is about twelve times higher. | Deck 
slabs tor kilns in silicon carbide can 
be made larger and thinner than with 
fireclay bonded refractories of the 
conventional type. In one fireclay 
sanitary works this has increased set- 
ting density 30 per cent. and a bat 
36 in. by 24 in. by 2 in. is capable of 
supporting the weight of three sinks 
weighing I80 Ib. when set. The 
maximum temperature reached ts 
1240" 

Sanitary earthenware manufacturers 
can use silicon carbide bats of about 
twice the area and two-thirds the 
thickness of other bats. Although 
their price is about three-and-a-half 
times that of other bats the life is 
much greater, and to date some 


installed about 3-35 years ago have 
done 450-500 cycles. A firm of china 
manufacturers were getting an average 
life of 25 cycles for kiln bats used in a 
biscuit tunnel oven. Their silicon 
carbide bats have now done over 100 
cycles and it is proposed to instal 
more. China setters have lasted 1} 


years to date on one local factory. 


Electrical Properties of Silicon 
Carbide 

Metallic resistors are commonly 
used for heating electric kilns for 
firing ceramic ware, but the highest 
element temperature which these will 
stand for continuous working is 1,350 
C. Moreover they have to be well 
supported as they are brittle after 
being heated. 

For continuous operation at the 
high temperatures required for china 
biscuit, porcelain, etc., elements of 
silicon carbide are becoming increas- 
ingly popular. The makers claim that 
these elements can be heated for short 
periods up to 1,510° C.—usually how- 
ever, they operate below this tempera- 
ture, cf. R. E. Gould and M. G. Toole 
(Trans. Electrochem. Soc. 70, 89, 1936) 
and E. J. Harris and B. A. Bovee 
(Bull. Amer. Ceram. Soc. 14, 219, 
1935). They are made in the form of 
a continuous ceramic bar, of which the 
resistor proper is made of silicon car- 
bide, having a_ resistivity of 10 
microhms per centimetre cube at 1,037 
C. The terminal ends have a low 
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resistance and are continuous with the 
heating portion. They thus keep cool 
and the cables are simply clipped on. 
These elements are thus easy to build 
into kiln structures, as artificial cooling 
of the electrode ends is not required. 
They are unaffected by reducing atmo- 
spheres, but a disadvantage is that on 
ageing the resistance increases, and it 
is necessary to provide means for 
regulating the applied voltage. 

Silicon carbide electrodes are 
marketed in this country in standard 
sizes. 


Silicon Carbide Thermocouple 

A thermocouple, made of a silicon 
carbide rod forming a junction with a 
graphite tube has been described for 
measuring high temperatures ap- 
proaching 2,000° C. This has been 
used for measurements in molten steel 
cf. G. R. Fitterer (Trans. A.1.M.M.E., 
105, 290, 1933); A. Mould (Foundry 
Tr. J. 54, 304, 1936). 
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POOR KNOWLEDGE OF 
REFRACTORIES 


HE examiner's report for the Institu- 
tion of Metallurgists (1951) states in 
connection with refractories : 

“The standard of many of the answers 
was disappointingly low. It appeared 
that many of the candidates had little 
knowledge of many of the textbooks or 
of published literature on the subject 
and it is suggested that their reading 
requires careful guidance. They are 
expected to have some knowledge of 
recent ceramic publications. Few of the 
candidates showed a knowledge of fun- 
damental equilibrium diagrams which 
concern refractories, nor were they able 
to give even approximate values for the 
data required. The use of loose com- 
parative terms such as ‘high’ or ‘low 
should be avoided as far as possible” 
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CERAMIC DRIERS 


by 
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PART Il 


FOR hot air drying, irrespective of 

temperatures, the relative humidity 
of the drying air is usually adjusted 
by means of setting air dampers. 
Where partial recirculation of air is 
applied, temperature and humidity of 
the air entering the drying space can 
be varied at will within certain limits 
by mixing hot dry fresh air with 
humid recirculated cooler air, taken 
trom the exhaust duct. This mixture 
can then be heated up, and enters the 
drier at predetermined temperature 
and with definite relative humidity. 
The result is that manual or automatic 
damper adjustment and control of 
reheating of the mixture of exhaust 
air (recirculation) and of fresh air 
influences temperature and humidity 
conditions, and thus the rate of drying. 


Value of Recirculation 


The enormous value of recirculating 
air, which has passed through a hot 
air drier, but has not been fully 
utilised, is not always realised. The 
fundamental rule should be that: “No 
air should be exhausted from a hot 
air drier unless it has given up most 
of its heat content and has absorbed 
the maximum possible amount of 
evaporated water vapour, driven out 
from the goods to be dried.” The 
overall observation is always—main 
tain the lowest possible exhaust air 
temperature, and the highest possible 
saturation of exhaust air. 

For pottery driers, the main reason 
for carefully controlled recirculation 
is, however, the demand for smooth 
drying, especially during the first 
stages where surface moisture has to 
be evaporated from ware. Too sharp 
drying might set up stresses in the 
clay, and might also close the pores at 
and near the surface, thus producing 
“case hardening.” Modern driers will, 
therefore, use air recirculation § for 
bringing warm but not too dry air 


first into contact with the goods sur- 
face. To find the right balance 
between too slow drying and too sharp 
drying demands a close study. 

Most ceramic driers work at reason- 
ably high air speeds, so that only part 
of the heat in the air is effectively 
used and the exhaust air is often far 
from saturated with moisture. This 
becomes very pronounced in some- 
what overloaded driers, using higher 
air speeds, and application of recircu- 
lation is most recommendable in such 
instances for reducing heat losses. By 
feeding part or all of discharge air 
back to the fan inlet, and allowing 
just sufficient air to be exhausted to 
carry away the evaporation, consider- 
able steam savings can be achieved, 
and at the same time the rate of 
drying can be kept reasonably correct. 
Lack of appreciation of the value of 
recirculation is responsible for very 
great heat losses. Lack of efficient 
operation of exhaust air dampers, 
where recirculation is provided for, 
reduces the value of recirculation in 
practice, and might prolong drying 
unnecessarily. | Whereas usually the 
need for temperature control of a 
ceramic drier, whether performed by 
hand or automatically by means of 
temperature regulators realised, 
control of exhaust air humidity is 
usually not performed as it should be. 


Reduced Exhaust Temperature and 
Fuel Consumption 


It seems best to show the 
advantages of securing the lowest pos- 
sible exhaust air temperature in 
drying by showing the steam which 
can be saved by reducing the exit 
temperature from a drying machine, 
neglecting the effect on surface heat 
losses. In a works a hot air drier 
normally discharges 14,000 Ib. of air 
per hour at a temperature of 166° F. 
with a relative humidity of 18 per 
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cent. Let us calculate the amount of 
heat which is saved in the hot air 
discharge by reducing the temperature 
to 146° F. The saving of heat comes 
from the smaller amount of heat 
which has to be put into the air 
and also into the water vapour 


which it carries. This vapour is, in 
any case, superheated because of its 
very low partial pressure. The heat 
saved in heating up the air = weight 
of air » specific heat x change in 
temperature = 14,000 x 025 ~~ 
(166-146). = 70,000 B.Th.U./hour. 

The weight of water vapour in the 

air (from a psychrometric chart) is 
310 grains per lb. at a temperature of 
166° F. and a relative humidity of 18 
per cent. The total weight of water 
14,000 x 310 = 620 
7,000 
Ib. /hour. 
The heat saved in superheating = 
weight of vapour x specific heat x 
change in temperature = 620 x 05 
x (166-146) = 6,200 B.Th.U./ hour. 
assuming the specific heat of super- 
heated steam is 0°S. 

The total heat saved is 76,200 
B.Th.U./hour representing 84 lb. of 
steam per hour if the steam pressure 
is 60 p.s.i. Reducing the final tem- 
perature of the air by 20° F. has made 
a saving of 7°6 per cent. in the steam 
consumption, which is normally 1,100 
Ib./hour, and the relative humidity has 
only increased to 28 per cent. It can 
be seem that reconstruction of old 
ceramic hot air driers to recirculation 
not only improves the drying process 
but also saves fuel. 

It is sometimes surprising to find 


Fig. 1. Automatic 
humidity control by 
controlled recircula- 


tion of air from 
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warm air driers or drying rooms in 
operation, where control of humidity 
of air is completely neglected. In 
some instances, the exhaust air 
damper is always kept nearly closed, 
with the result that very warm, but 
very humid air fills the drying room 
in a sort of stagnant condition. In 
other cases, admixture of fresh air to 
recirculation is not sufficient, or 
reheating of the air mixture is not 
sufficiently high for increasing capacity 
of the air mixture for vapour absorp- 
tion from the goods. Scarcity of low- 
priced reliable and simple hygrometers 
might account for many instances 
where humidity measurement is 
neglected, but even a higher layout of 
money for an accurate hygrometer is 
justified by achieving better and more 
uniform results. The general ruling in 
practice should be to be able to 
measure temperature and relative 
humidity of the exhaust air of each 
drier in order to secure that the air 
leaves a drying apparatus or drying 
room at conditions which ensure full 
utilisation of air qualities during the 


drying process, especially during 
recirculation. 


Fig. 1, illustrates diagrammatically 
how humidity can be automatically 
controlled by means of a humidistat, 
located in the drying room. The 
method applied is variation of recir- 
culation of air, and a pneumatic lever 
motor adjusts the interlinked exhaust 
damper recirculation damper 
gradually, according to impulse from 
the humidity controller. The recircu- 
lated air is then mixed with a definite 
amount of fresh air, then reheated and 
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blown into” the 
apparatus. 


drying room. or 


Basic Temperature Control Problems 
Some plant engineers agree to the 
necessity for thermostatic control of 
hot air temperature, but they think of 
the control problem rather in a dis- 
torted way. Thermostatic control of 
hot air driers can be simple, and 
sometimes the use of a_ thermostat 
switch with a solenoid valve in the 
steam or hot water supply to the heat- 
ing coils of the heater battery will give 
satisfactory on/off control. In other 
instances. especially for continuous 
driers, more elaborate pneumatic con- 
trollers are required. Much depends 
on the controllability of the drier 
design as such, and of working condi- 
tions, whether simple gradual propor- 
tional mode of control can be used, 
or reset control is required. 
Controllability of a drier depends, 
among other factors on process time 
lags, as shown in the example of Fig. 
2. A conveyor drier with multi- 
tubular air heater is illustrated, and 
shows how thermostatic control 
works. A change of hot air tempera- 
ture in the drying space D is not 
detected by thermostat 


immediately 
F. immersed in outlet air duct D. A 


certain time will elapse before the 
thermostat bulb F produces a control 
impulse, which is conveyed to 
recorder-controller G, and then to 
steam control valve A. The latter 
varies the rate of steam input to multi- 
tubular air heater B after another time 
lag. and another retardation or delay 
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occurs for change of air temperature 
in hot air inlet duct C. The part of 
the closed loop A-B-C-D-E_ shows 
process time lags, and the following 
section of the closed loop F-G-A 
symbolises controller time lags. The 
total time lag cycle show how time 
elapses between actual occurrence of 
variation of hot air temperature within 
the drier, and control action of steam 
control valve A. 

Temperature control will be more 
accurate if process time lags are small, 
and the control instrument is suffi- 
ciently sensitive and responsive to 
follow temperature changes quickly. 
Otherwise too much time would elapse 
between occurrence of a temperature 
disturbance within the hot air space 
of the drier, and the corrective action 
of the steam control valve. The basic 
ruling for thermostatic drier control is 
that: “Drier characteristics must match 
the characteristics of the control 
instrument, and vice versa.” 

Where a drier reacts quickly to 
throttling from the steam control 
valve, the control mechanism must not 
be sluggish, but quick and accurate. 
On the other hand, the most respon- 
sive control mechanism would be 
futile, if applied to a drier, the hot air 
temperature of which varies only very 
slowly in spite of vigorous action on 
part of the steam control valve, Le. a 
drier which lags hopelessly behind in 
its reaction to control valve action. 

The above explains the fact, why 
the fitting of a temperature regulator 
does not improve drier efficiency 
under all conditions. It is only the 
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Fig. 2. Control time 
lags of hot air drier. 
A, Steam inlet to 
heater. B, Air 
heater, steam heat- 
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to drier. D, Con- 
veyor drying space. 
E and E', Exhaust- 
ers. F, Thermostat 
bulb. G, Pneumatic 
temperature recor- 
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POTTERY TOOLS of all 
kinds Tipped with ‘Prolite’ 
Cemented Tungsten Carbide 
are supplied by 
DORSET PRODUCTS LTD., 
Ruby Works, Anchor Road, 
Longton, Staffs. 


* 
PROTOLITE LIMITED 


(A subsidiary company of Murex Ltd., 
Rainham, Esser) 


CENTRAL HOUSE, UPPER WOBURN 
PLACE, LONDON, W.C.1. Euston 8265 


choice of the correct temperature con- 

troller type which will improve 

matters after installation. 

Combined Temperature and Humidity 
Control 

Because the temperature of a drying 
process can be kept constant, and the 
rate of drying at this air temperature 
can be varied as desirable by altering 
the relative humidity of the circulated 
air, automatic control systems have 
been worked out, embracing an air 
heater battery controlled at constant 
temperature, and a system of damper 
control for mixing of return air and 
of fresh air, as mentioned before. 
Fig. 3, illustrates diagrammatically a 
pneumatically operated combined 
temperature and humidity control 
system for a drying room. 

The wet and dry bulb control 
element is located in the outlet air 
duct, and sends impulses to the lever 
motor. according to the psychrometric 
difference sensed by the element. 
Position of the control damper 
ensures the desired mixture of wet 
recirculated and dry hot fresh air. A 
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separate temperature controller regu- 
lates steam admission to an air heater 
battery in the inlet duct to the fan in 
order to keep drying temperature 
steady. It seems that the best posi- 
tion for the thermostat bulb is in or 
near the exhaust air duct, where it 
can feel and react to slight changes 
of temperature of the outlet air. This 
thermostat bulb position controls the 
rate of drying by keeping it constant 
irrespective of loading of the drier and 
of actual air temperature within the 
drying zone. 

By locating a thermostat bulb or 
thermocouple, at the outlet from an 
air heater battery, the inlet tempera- 
ture of air into the drier can be kept 
constant. This, however, does not 
control the rate of drying and it 
depends entirely on the heat load 
whether the desired drying effect can 
be achieved. What is actually per- 
formed is to keep air temperature 
near the drier inlet steady, which is 
not always desirable for drying of 
ceramic goods. 

It should be mentioned that in 
many instances practice’ the 
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humidity control of air is performed 
by hand, whereas thermostatic control 
is applied to the source of heat, such 
as steam, hot water, gas or electricity. 
The reason for this semi-automatic 
control method is that automatic 
humidity control by means of air 
dampers and damper motors, whether 
pneumatically, hydraulically, or elec- 
trically Operated, is somewhat costly. 
because often special louvre dampers 
have to be installed in place of the 
single-leaf dampers as supplied by the 
makers of drying machinery. — This 
semi-automatic control is, of course, 
better than hand control, but it still 
leaves the drying plant at the mercy of 
the plant operator, who has to adjust 
the air dampers in the exhaust duct 
and the mixing damper for recircula- 
tion and fresh air by hand in accor- 
dance with indication of a wet and 
dry bulb hygrometer. Where the 
size of drying apparatus and nature of 
the goods warrant it, fully automatic 
combined temperature and humidity 
control is by far preferable. 


Zone Drying 

Modern continuous ceramic con- 
veyor or tunnel truck driers make use 
of zone drying. whereby drying occurs 
in stages of different rates of drying. 
This shortens the total time of drying, 
thus increasing output, and produces 
more precise results. Each zone of 
the drier is automatically controlled 
regarding air temperature and 
humidity, and has its own inlet fan, 


sometimes supported or replaced by 
zonal air recirculation fans. — Recir- 
culation of air can also be provided at 
will, making the drying procedure very 
elastic and controllable. 

Summing up, the following should 
be borne in mind by the progressive 
plant engineer. Most warm air driers 
or drying rooms lend themselves 
readily to one or the other form of 
temperature control, preferably com- 
bined with humidity control, and 
sometimes speed control, but working 
conditions of the drier must be good, 
and drying efficiency with hand con- 
trol has to be satisfactory, before 
automatic control can be applied. 
Plant characteristics play a much 
bigger part regarding success or failure 
of automatic control than is usually 
realised, and the best and more 
elaborate temperature—or humidity 
regulator can fail, if the actual work- 
ing conditions result in very low con- 
trollability of the ceramic drier. A 
careful analysis carried out by the 
drying expert in close co-operation 
with the responsible plant engineer 
will usually disclose weak spots in 
drying operation. After these have 
been improved. automatic control will 
generally achieve its purpose, namely, 
to produce more uniformly dried 
goods at maximum output, with a 
minimum cost and labour. The main 
point. however, is that the plant 
engineer knows his driers well enough 
to be able to spot their weak points. 
Once a diagnosis of inefficiency ts 
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clear, ways and means for improve- 
ments of drier efficiency can be found 
and applied. 


Drier Surveys 

No hard and fast rule can be given 
to carry out a survey of ceramic 
driers, because the design and work- 
ing conditions vary too widely in 
practice. To consult a drying expert, 
who is familiar with ceramic tech- 
nology is certainly the best way for 
obtaining test data, on which either 
reconstruction or replacement can be 
based. 

As an example of how a drier test 
is performed, figures are given in 
Tables | and 2 derived trom actual 
tests on a Buell “Turbo” tray drier of 
the continuous type, as given in L. 
Clegg’s paper in the series “A Study 
of Drying.” and reproduced here by 
permission of the Institute of Fuel. 

The driers tested (Table 1) consisted 
of almost cylindrical chambers with 
vertical axes. They were approxi- 
mately 30 ft. high and 30 ft. in dia. 
A shaft on the central axis carried 
four centrifugal circulating fans or 
turbines. Surrounding the turbines 


was a framework supporting twenty- 
six rows of superimposed shelf trays 
which rotated slowly on the central 
axis in the opposite direction to the 
turbines. The shelves were provided 
with a number of radial slots. The 
wet shredded clay was fed in at the 
top of the drier on to the top shelf, 
which, after completing nearly one 
revolution, passed a scraper which 
moved the material through one of 
the radial slots on to the similar tray 
below As the slots were staggered 
the clay descended only one shelf per 
revolution. The process was repeated 
until the bottom shelf discharged the 
material on to a screen conveyor 
which removed the dried clay from 
the drier. 

Between the periphery of the slowly 
rotating shelves and the shell of the 
drier heater batteries of gilled steam 
heating tubes were suspended. Air 
within the drying chamber was cir- 
culated by the turbines, the flow being 
outward through the shelves into con- 
tact with the heater batteries and back 
through other shelves to the centre for 
recirculation. Additional air was 
brought into circulation, and the 
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SEE IT in operation 


TRANSFER 
PRESSING MACHINE 


for under-glaze 
transfer printing 


@ Easy and safe to operate 
@ High output 


@ Vacuum and pressure 
application 


@ Twin Heads automatically 
controlled 


@ Quick change-over from 


hollow to flat ware 


SAMCO 


B.U. SUPPLIES & MACHINERY CO. LTD., LAW ST., LEICESTER 


quantity controlled by two centrifugal 
fans, which delivered into the bottom 
of the machine trom opposite sides of 
the base of the chamber. Before 
entering, this added air was _ passed 
through heater batteries, which were 
themselves heated by condensate from 
the main heater batteries. | Surplus 
moisture-laden air was discharged to 
atmosphere from a vapour stack on 
the top of the drier. Thus the air 
coming into contact with the clay in 
the initial stages was at its maximum 
humidity. 

The thermal efficiencies (Table 2) 
have been expressed in two alternative 
ways, as follows: 


(a) Net Efficiency 

The percentage of the heat input 
(total heat of steam less the sensible 
heat of the condensate leaving the air 
heaters) utilised to evaporate the mcis- 
ture, including the sensible heat 
required to raise the temperature of 
the moisture from its initial tempera- 
ture to the temperature of evapora- 
tion. 
(b) Gross Efficiency 

The percentage of the gross heat 


input (total heat of steam above 32 
F.) utilised to evaporate the moisture, 
including the sensible heat required to 
raise the temperature of the moisture 
from its initial temperature to the 
temperature of evaporation. 
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CERAMICS 


CLASSIFICATION OF 
REFRACTORIES 


by 
W. P. HOWELLS 


N its broadest sense, the term retrac- 

tory is applied to material, 
ceramic in nature, which will not fuse 
at high temperatures. In a more pre- 
cise sense, a material is not considered 
to be a refractory unless, in addition 
to its resistance to fusion at high tem- 
peratures, it is able to withstand with 
reasonable effect the further condi- 
tions of chemical and physical stress 
imposed upon it during use. 


Temperature Classification 

There are numerous ways of classi- 
fying refractory materials. The 
American Standard for Testing 
Materials classifies them according to 
the temperatures at which they show 
signs of deformation, and lists them 
as super duty, high duty, intermediate 
duty, or low duty. 

A similar British classification is: 
Over cone 32—Special refractory. 
Cone 29-32—Grade | refractory. 
Cone 26-29——-Grade 2 refractory. 
Below cone 26—not classified as a 

refractory. 


Acid, Basic and Neutral 

A common method of classification 
is the division of refractory materials 
into three groups, namely, acid, basic 
and neutral. This is a useful classifi- 
cation as it serves to indicate the 
reaction of the refractory to molten 
slags, etc.. with which it comes into 
contact at elevated temperatures. This 
classification is open to criticism 
owing to the anomalies created by the 
amphoteric nature of alumina. 


Silica (or Alumina) Content 

Today the most generally accepted 
method of classification is according 
to the silica (or alumina) content of 
the refractory in the fired state. Thus 
the classification is one in which the 


alumino-silicates are split up into sub- 
divisions. The alumino-silicate refrac- 
tories represent the bulk of refractory 
materials produced today. All other 
refractories for the purpose of classi- 
fication are grouped together, and 
include magnesite, dolomite, spinel. 
alumina, sillimanite, chromite and 
carbon. 

The British Refractories Research 
Association gives the following classi- 
fication: 


(a) Silica Brick 

A brick which, in the fired state, 
contains 92 per cent. or more of silica 
shall be defined as a silica brick. 


(b) Siliceous or Semi-Silica Bricks 

A brick which, in the fired state, 
contains 78 per cent., or more, but less 
than 92 per cent. of silica, the 
remainder being in general essentially 
alumina, shall be defined as a siliceous 
or semi-silica brick. 


(c) Firebrick 

A brick which, in the fired state (i) 
consists essentially of silica and 
alumina: (ii) contains less than 78 per 
cent. of silica and less than 38 per 
cent. of alumina, shall be defined as a 
firebrick. 


(d) Aluminous Firebrick 

A brick which, in the fired state, 
contains from 38 per cent. to 45 per 
cent. of alumina, the remainder being 
essentially silica, shall be defined as an 
aluminous firebrick. 


(e) Other Refractory Materials, 
Cements, etc. 

Those types of refractory not in- 
cluded in the preceding classification, 
are usually described under generic 
terms which are sufficiently definite 
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for the present needs of industry: such 
terms are magnesite brick, chrome 
brick, chrome-magnesite brick, silli- 
manite brick, silicon carbide brick, 
etc. 

A further classification given by the 
Ministry of Supply does not differ 
substantially from the foregoing. 


Silica Refractories (92 per cent. Silica) 

Silica occurs in nature in many 
different forms, some crystalline and 
some amorphous. The amorphous 
silica, e.g. chert, colloidal silica, and 
chalcedony are not of great impor- 
tance as refractory materials. — Flint, 
a micro-crystalline variety of silica 1s 
not of great importance although it 
has been used as the principal con- 
stituent of silica brick. 

The crystalline silicas form the main 
body of silica refractories. Quartz is 
the most widely naturally occurring 
crystalline silica; its allotropic forms 
of cristobalite and tridymite are 
rarely found in nature. 


CERAMICS 

Most silica bricks are manufac- 
tured from rocks consisting of quartz 
grains held tightly together by a 
cement of almost pure silica. Such 
rocks are known as quartzites, a well- 
known example of which is the Dinas 
Rock of the Vale of Neath, from 
which the first. silica bricks were 
manufactured. A good quartzite con- 
tains 96-98 per cent. silica. 

Sandstones as a class are less suit- 
able for the manufacture of silica 
bricks, yet those found in the mill- 
stone grit formation are widely used. 

A well-known constituent of silica 
bricks is ganister. This term applies 
to the fine-grain sedimentary siliceous 
rock found below the coal in the 
South Yorkshire and Lancashire areas. 
The ganisters contain varying amounts 
of clay. but those of high silica 
content are eminently suitable for the 
manufacture of silica bricks. 

The crushed and graded raw silica 
material is bonded with lime or other 
suitable flux: sometimes an organic 


(Courtesy, The Derbyshire Silica Firebrick Co. Ltd.) 


Fig. |. Vertical retort setting in construction 
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binder is added to give strength in the 
unfired state. After forming, the bricks 
are fired to approximately 1,500° C. 
when the quartz is largely converted 
into cristobalite and trydimite, the 
allotrophic forms of silica already 
referred to. 

Silica bricks, which expand on heat- 
ing, are largely used in positions where 
contraction is not permissible, and 
where it is necessary to withstand a 
high load at temperatures approaching 
the deformation point of the refrac- 
tory. Such positions occur in the 
roofs of reverbatory furnaces, coke 
oven roots and walls, etc. Fig. | 
shows a vertical gas retort setting in 
course of construction. The retort 
bricks are of the silica type, while the 
tiles, etc.. are of the siliceous type. 


Siliceous or Semi-Silica Bricks 
(78-92 per cent. Silica) 

These are manufactured — from 
ingredients similar to those used in the 
production of silica bricks, except that 
less pure silica materials are permis- 
sible. quartzite containing less 
than 90 per cent. silica would not be 
suitable for silica bricks, but would 
possibly be quite suitable for a semi- 
silica brick. 

The common impurity in quartzites 
and ganister is clay. Siliceous and 
semi-silica bricks therefore consist, in 
the main, of a slightly impure quart- 
zite or ganister, with a possible addi- 
tion of fireclay. ~ 


By a judicious choice of materials 
and by careful adjustment of the pro- 
portions of those materials, semi-silica 
bricks can be made which will neither 
expand nor contract substantially in 
use. This is due to the compensating 
effect of fireclay contraction and 
silica expansion. It is important to 
note that the addition of clay to a 
pure silica material greatly reduces 
the refractoriness of both (Fig. 2). The 
greatest effect occurs when the pro- 
portion of clay in the silica is between 
5 and 35 per cent. 

Semi-silica bricks and siliceous 
bricks find their main application in 
positions where it is necessary to 
avoid expansions contractions 
during use, and where there is no 
attack from molten slags. Such posi- 
tions occur in the walls and roots of 
coke ovens, in the higher regions of 
cupola furnaces, and in the crowns of 
general kilns. 


Firebricks 

Firebricks constitute 
cent. of the tonnage of refractories 
manutactured in this country, and 
well over a million tons are manutac- 
tured annually in Great Britain. 

The bulk of firebricks are manu- 
factured from fireclays, refractory 
clays occurring in the coal measures. 
Firebricks have been manufactured 
from other materials: for example, a 
commercial firebrick having a refrac- 
toriness of cone 31-32 is manufac- 
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tured from a siliceous kaolin, and has 
a silica content of 75 per cent. in the 
fired state. 

The localities in which fireclays and 
siliceous fireclays are found are 
numerous, the largest areas being in 
Yorkshire, Lancashire, Staffordshire, 
Northumberland and Durham. The 
quality of fireclays in each area may 
vary considerably and it must not be 
assumed that all firebricks from the 
same locality are of similar quality. 
In addition, many seams which were 
at one time well known to firebrick 
users, have now been worked out, and 
the firebricks manufactured from clay 
lower in the strata or from neighbour- 
ing areas are often of inferior quality. 

The usual mixtures employed in the 
manutacture of firebricks consist of 
ground fireclay, grog (i.e. calcined 
fireclay or crushed firebrick) and 
water. The fireclays and grog are 
usually graded into sizes which give 
a good packing density in the unfired 
state. This has the etfect of increas- 
ing the strength of the fired brick, and 
reduces the tendency of the brick to 
distort during firing. 

There are several common methods 
of forming the firebrick shapes. Hand 
moulding, although costly, is indis- 
pensable for complicated shapes. The 
simplest form of machine making is 
the “wire cut” process, where a 
column of clay is extruded from a 
pug-mill and cut into shape by means 
of tightly stretched wires. This pro- 
cess is improved upon in the “stiff 
plastic’ method, where the wirecut 
bricks are partly dried and pressed 
into steel dies. Some modern brick 
machines combine these two processes. 
Fig. 3 shows a stiff plastic machine 
with two singie shaft mixers and_disc 
feeder. The “dry-press” process 
employs the minimum amount of 
water with considerable die pressures. 
Although this process is more costly, 
the bricks produced by it are of 
accurate shape, and can be set into the 
kiln with little or no drying, thereby 
saving time, labour and space. 

According to the quality of the 
fireclay employed, the bricks are burnt 
to temperatures between 1,200° C. and 
1.400° C. During firing constitutional 
changes occur within the material, 
giving a brick which consists of free 
silica and mullite, cemented together 
by a glassy matrix. Mullite (corres- 
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Fig. 3. 


ponding to the formula 3AI.0,2Si0O.) 
increases refractoriness and gives an 
increased resistance to slagging. For 
this reason it is desirable to promote 
the formation of mullite, and this can 
be effected by hard firing, by the 
addition of mineralisers, and by the 
addition of aluminous materials. 

Firebricks are used extensively in 
the construction of kilns, furnaces, 
flues. firemouths, boilers, chimneys, 
etc.. where the conditions of use do 
not demand a_ high-priced — special 
refractory. Nevertheless, the correct 
selection of a particular grade of fire- 
brick is important, and it does not 
follow that the most expensive grade 
is the most suitable for a specific pur- 
pose. As an example, a cheap low- 
grade firebrick with a hard texture is 
more suitable for use in the walls of 
a flint kiln than a very refractory 
brick of a more friable texture. 


Aluminous Firebricks (38-45 per cent. 
Alumina) 

The fireclays from which these 
bricks are manufactured are of excep- 
tional quality. Notable deposits of 
this clay occur in West Lothian, and 
the following analyses are from 
samples taken near Whitburn. 


Stiff plastic brickmaking machine 


Black 
44-00 
1-00 
37:96 
1:44 
0:32 
0:12 
0:24 
Nil. 


Grey Brown 
45°38 

1°39 
37°99 

1:94 

0°34 

0-08 

0-28 

0-04 


SiO. 

TiO 
ALD, 
Fe.O, 
CaO 
MgO 
K.O 
Na.O 

loss on 
ignition ... 


12:58 16°20 


Aluminous firebricks may also be 
manufactured by the addition of cor- 


undum, bauxite, sillimanite, etc., to 
good quality fireclays. The method of 
manufacture follows the same general 
lines as for ordinary firebricks, except 
that firing temperatures range from 
1,400°-1,450° C. Owing to the greater 
percentage of alumina present, more 
mullite is formed, and, as a result, the 
refractoriness is not usually below 
cone 34-35. 

The aluminous firebricks find their 
industrial application in positions 
where increased mullite content gives 
extra resistance to attack by slags. 


Other Refractories 
Whilst the bulk of 

materials consists of the silica 

firebrick type, there are a 


refractory 
and 
large 
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number of other materials which 
occupy an important position in the 
refractories field. 


Sillimanite 

Under this heading are included 
sillimanite, andalusite and cyanite, 
three minerals corresponding to the 
general formula AI.O,.SiO.. When 
these materials are calcined at high 
temperatures they dissociate into 
mullite and silica, with an accom- 
panying increase in volume. The 
product of calcination is known as 
artificial mullite, and is used exten- 
sively for the production of high 
temperature refractories. well- 
known commercial “sillimanite” is 
the product of calcination of cyanite. 
This is technically better referred to 
as artificial mullite. Table 1 shows 
some physical properties of these 
materials. 


Mohr's 

hardness 
Sillimanite 6-7 
Andalusite 7-73 
Cyanite : 5-7 
Mullite 7 
Commercial 
Sillimanite 7 


The high specific gravity of cyanite 
indicates that it would be unwise to 
use this material without first con- 
verting it into artificial mullite by cal- 
cination. The high volume expansion 
accompanying the inversion would be 
sufficient to disrupt the bricks during 
firing. For this reason the raw 
cyanite from which most commercial 
sillimanite is manufactured is calcined 
to temperatures between 1,450°-1,500° 


In order to manufacture sillimanite 
bricks, the ground calcined “‘silli- 
manite” is graded into suitable frac- 
tions, and mixed with fireclay and 
water. Sometimes ball clay is used. 
Standard bricks are pressed in steel 
dies, while special shapes are hand- 
made in the same manner as firebricks. 

“Sillimanite” bricks are used in 
positions where high refractoriness 
and refractoriness under load are 
required, and where it is desirable to 
have resistance to mechanical abra- 
sion. Amongst the many applications 
of sillimanite are its use in pottery 


TABLE 
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kiln batts and props, muffle furnace 
construction, crucibles and firing 
arches. Glass tank blocks are manu- 
factured from “sillimanite” mixtures 
as they show excellent resistance to 
molten glass. 


Bauxite and Alumina 

Bauxites from which bricks can be 
manufactured are found in reasonable 
quantities all over the world. They 
vary considerably in chemical compo- 
sition and purity. From one to three 
molecules of water may be associated 
with one molecule of alumina, and 
impurities may be present in large 
quantities. Thus, bauxites contain 
amounts of alumina varying between 
50 and 90 per cent. 

reasonably pure bauxite 1s 
selected for the manufacture of refrac- 
tories. The material is calcined at 
temperatures between 1,350° and 


Temp. of 
Specific decomposition 
gravity into mullite 
3-0 -3°3 1.440-1,450 
1.380-1,400 
1,300-1,380 

3:16 

2°93-3-0 


1,400° C., when the combined water is 
removed. During the calcination the 
material shrinks appreciably. After 
crushing and grading the calcined 
bauxite may be processed in one of 
two ways: 

1. Bauxite and ball clay (or fireclay) 
are tempered with water, and bricks 
are produced much in the same 
way as firebricks. 

Bauxite and lime are processed in 
a manner similar to the manufac- 
ture of silica bricks. 

After forming, the bricks are care- 
fully dried and fired to at least 1,400 
C. If the firing temperature is too 
low, the bricks will shrink excessively 
in use. 

There are a number of advantages 
in the use of bricks made from 
bauxite. These bricks have a reason- 
ably good resistance to basic slags, 
and have high refractoriness and 
refractoriness under load. Unfor- 
tunately, they tend to shrink during 
use. and in addition, their spalling 
resistance is poor. They have found 
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application in basic open hearth steel 
furnaces, lead refining furnaces, and in 
a number of other metal processing 
furnaces. 

Other types of alumina refractories 
are used in a variety of industries. 
They include sintered alumina, fused 
alumina and corundum. While these 
have exceptional resistance to molten 
slags. the excessive cost precludes their 
use in large quantities. 


Chromite 

Chromite, known also as chrome 
iron ore, corresponds to the general 
formula of a spinel, RO.R.O,. The 
pure material is represented by 
FeOCr.O,, buc the naturally occurring 
chromites usually consist of a_ solid 
solution, in which the constituents 


are: 
{Cr.O, 

Al.O, 

Fe.O, 

The main deposits of chromite are 
found in Rhodesia, New Caledonia, 
Greece and Turkey. Table 2. shows 
chemical analyses of ore from these 
areas. 


FeO ) 
MgO , ) 


bonate, this mineral occurring in large 
quantities in Austria and = Greece. 
When it contains a high percentage of 
iron oxide in solid solution, it is 
known as breunnerite. 

The mineral is calcined to tempera- 
tures between 1,500° and 1.750° C. in 
order to eliminate carbon dioxide and 
to produce the stable form of mag- 
nesium oxide—periclase. The crushed 
and graded material is then bonded 
with one or more of a variety of sub- 
stances, e.g. caustic magnesia, clay, 
iron oxide, milk of lime, which serve 
to give workability and strength to the 
unfired brick, and also to bond the 
grains of magnesia together during 
the firing. 

Extremely high pressures are used 
in forming, varying from 5,000-10,000 
lb./sq. in. The bricks are dried 
slowly, and are usually fired along 
with silica bricks, set on a_ neutral 
course of chromite bricks. 

Magnesite bricks are used exten- 
sively in the sidewalls of the basic 
open hearth steel furnace, where their 
excellent resistance to basic slags 
accounts for their almost universal 


TABLE 2 


New 
Rhodesia Caledonia 
14-0 
48:9 


FeO 

MgO 
ALO, 14°] 
SiO 5-4 
CaO 


Chromite bricks are manufactured 
by mixing the selected crushed ore 
with water and a suitable bond: e.g. 
clay or lime; and are formed by 
tamping the mixture into iron or 
wooden moulds. After a slow drying, 
they are fired at temperatures between 
1,450° and 1,550° C. 

The main use of chromite bricks is 
in the open hearth steel furnace, where 
they form a neutral layer between the 
basic and acid courses. Other ap- 
plications are found smelting 
furnaces for copper, lead and tin. 


Magnesite 

The raw materials from which 
magnesite bricks are manufactured 
are lucite (Mg(OH).) sea-water mag- 
nesia (Mg(OH).) and magnesite 
(MgCO,). The bulk of magnesite 
bricks are produced from the car- 


Theoretical 
Turkey analysis 

14:7 32 

14:1 

50-6 

15-2 

2:9 

2:0 


Greece 


68 


adoption. Many other metal extrac- 
tion furnaces employ magnesite 
bricks in the melting regions. Amongst 
these are the copper and lead smelting 
furnaces, and the refining furnaces 
used for the production of precious 
metals. 

Magnesite bricks have a very poor 
resistance to spalling, and for this 
reason they are often manufactured 
containirg: a proportion of chromite. 
This improves the spalling resistance, 
but slightly reduces the resistance to 
basic slags. 


Chrome Magnesite 

Bricks manufactured principally 
from chromite, and containing addi- 
tions of magnesite, corundum, etc.. 
constitute a particular group of refrac- 
tories known as the chrome-magne- 
sites. These bricks have a high spalling 
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(Courtesy. ]. G. Stein & Co. Ltd.) 


Interior view of 150-ton Venturi furnace lined with basic refractories 


resistance and refractoriness 
under load; they are chiefly used in 


the walls of the basic open hearth 
furnace. 

Fig. 4 shows the interior of a 150 
ton Venturi furnace. Chrome magne- 
site is used in the back and front 
linings, while magnesite brick is used 
in the hearth up to the slag line. 


Silicon Carbide 

Silicon carbide (SiC) is manufac- 
tured by sintering a mixture of coke, 
sawdust. sand and salt between the 
electrodes of a special furnace. The 
carborundum so produced is suitably 
graded and bonded with clay or with 
one of a number of other materials 
which have given rise to patented 
processes. Either hand moulding or 
machine pressing is used to form the 
bricks, which after a slow drying, are 
fired at 1,500°-1,550° C. As firing in 
an oxidising atmosphere involves a 
considerable loss of material, various 
techniques have been developed in 
which the bricks are fired in a neutral 
or reducing atmosphere. 

Carborundum bricks combine high 
refractoriness, high thermal conduc- 
tivity and good spalling resistance. 
They are used in zine retorts and in 


muffle kiln construction, while mix- 
tures of similar composition are used 
in the manufacture of pottery kiln 
furniture and in the fabrication of 
crucibles for non-ferrous application. 


Carbon 

The chief properties associated with 
carbon bricks and blocks are high 
refractoriness, high electrical conduc- 
tivity, and high resistance to chemical 
action. 

In the preparation of carbon bricks 
a high-grade coke is crushed and 
bonded with the heavy distillation 
products of coal-tar. It is usual to 
form the bricks by tamping the mix- 
ture into wooden or iron moulds, 
although it is possible to use a heavy 
duty press of the kind used for the 
semi-dry pressing of firebricks. The 
bricks or blocks are bedded in coke 
breeze and are fired in a saggar to 
about 1.100° C. 

The principal use of carbon blocks 
is in the well of the blast furnace, 
where they have shown considerable 
resistance to the action of molten 
metal and slag. As a neutral course 
between acid and basic refractories. 
carbon bricks are eminently suitable. 

Crucibles containing carbon are 
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TABLE 


MELEING POINTS OF 


3 


METALS. OXIDES, SILICATES AND ALUMINATES. 


Element Oxide Silicate Aluminate 
C. OF 

Al 660 ALO, 2,050 3Al.0, 2S10. 1.810 — 

Ba 850 BaO 1923) BaOSiO 1.600 BaO ALO, 2.000 

Be 1.350 BeO 2.530 2BeO SiO, 2.000 ALO, 1.870 

Ca 810 2,570 2 Cad SIO 2,130 CaO ALO, 1.600 

Cr (615 2935 

Mg 650 MgO 2.800 2MgOSiO 1.890 MgOALO, 2,135 

Si — SiO 1.710 

Th 1.845 ThO, 3.030 

Zn 419 ZnO 1.975 2ZnO SiO 1,509 ZnO AL.O, 1,950 

Zr 1,909 ZrO, 2,700 ZrO, SiO 2.500 
widely used for the melting of metals, conditions under which refractories 


alloys, frits. etc. Carbon crucibles 
have high thermal conductivity, high 


spalling resistance and possess the 
additional advantage of preventing 
excessive Oxidation of the metal. 


Crucibles are composed largely of 
graphite and clay, and may contain 
additions of coke, carborundum and 
fireclay grog. 


Zircon 

Zirconium silicate or zircon (ZrO. 
SiO.) occurs in various parts of the 
United States, and also appears as a 
constituent of the monazite sands of 
Brazil, Ceylon and Australia. Bricks 
made from zircon are highly resistant 
to molten slags and show little or no 
shrinkage af cone 35. During the war, 
zircon bonded with siliconesters was 
used in the fabrication of moulds for 
producing precision castings in non- 
ferrous alloys. 


Rare Oxides 

In addition to the more common 
refractory materials, there exists a 
number of high melting point refrac- 


tory oxides which have a_ limited 
though important application in 
industry. The melting points of these 


oxides are included in Table 3. 
Berylium oxide (BeO) is used for 
furniture in electric kilns and for 
thermocouple sheaths. Thorium oxide 
(ThO.) is used for laboratory crucibles, 
and is also the principal ingredient in 
incandescent gas mantles. Zirconium 


oxide (ZrO.) is also an ingredient of 
gas mantles, and has in recent years 
found application in spark-plug bodies 
and in laboratory furnace construc- 
tion. 

As a result of the more exacting 
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are required to operate, various bodies 
have published specifications relating 
to their own particular requirements, 
and demanding usually, a_ specified 
method of testing. During the war, 
the British Refractories Research 
Association drafted a tentative series 
of standard tests, which have since 
received semi - official recognition 
among manufacturers and users. The 
draft was revised and augmented in 
1946. Amongst the most important 
of the published specifications are 
those issued by the Institute of Gas 
Engineers who give details of their 
requirements for fireclay and_ silica 
refractories for use in retorts, bricks, 
blocks, etc. 

Similarly, the Society of Glass 
Technology issues a_ specification 
demanding conformity, within given 
tolerances, of chemical analyses 
refractoriness, after expansion, texture 
and size for glass pot materials, tank 
blocks, cement, etc. 


Summary 

The division of refractories into 
silica, siliceous, firebricks, aluminous 
firebricks and other refractories is for 
general purposes the most  satisfac- 
tory methods of classification. While 
firebricks constitute the major portion 
of refractories, the importance of the 
other groups in special applications 
cannot be over-emphasised. 


J. R. Ratcliff—Mr. John R. Ratcliff. 
BSc. (Eng), MAi-MechE. M-LP-E., 
hitherto engineering works manager of 
K. & L. Steelfounders and Engineers 
Ltd.. of Letchworth, has been elected to 
the Board of that company as engineer- 
works director. 
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REFRACTORY 
COATINGS 


XZIT (GB) LIMITED, 175, PICCADILL 
Telephone: REGent 1875-6 


EAFLETS are available from the 

4P.B. Sillimanite Co, Ltd... Atlas 
Road, Victoria Road, Acton, London, 
N.W.10. dealing with their product 

“Pebesil” developed for application to 

refractory insulating bricks. 

The brickwork in question is brushed 
with P.B. Sillimanite R.M.SI mixture to 
which 10 per cent. of water is added by 
weight to give a slurry. According to the 
time taken for drying, a second or even 
a third coat may be necessary. After 
firing this gives a hardened surface 
claimed to be impervious to gas, steam or 
air, but after firing there is a tendency to 
blistering and, therefore, to protect ‘this 
thin layer an | in. or more of R.M.120.S 
is applied. This is of a sandy nature 
and prevents blistering. 

The leaflet describes the method of 
application. One hundredweight of the 
product R.M.5I can be applied to 350 
sq. ft. of brickwork whilst 1 cwt. of 
R.M.120 when about { in. thick covers 
75 sq. ft. A test for permeability is 
described together with details of storage, 
and prices. 

Another leaflet is entitled “P.B. Silli- 


P.B. SILLIMANITE 
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manite—Super Refractory.” This gives 
the average analysis of the material and 
describes its uses in many countries of 
the world. There is a graphical represen- 
tation of the physical properties of the 
material together with technical data on 
its specific gravity, refractoriness at tem- 
perature and under load, porosity, heat 
transmission and so on. 

Typical applications of the material 
to the glass industry, vitreous enamel- 
ling, rotary furnaces for enamel melting, 
and batts in the pottery industry as well 
as applications for the manufacture of 
electrical ware are outlined. Further 
details are given on ethyl-silicate solu- 
tions, a range of plastic cements, and a 
mixture for protecting insulating and 
ordinary refractory bricks. 


British Ceramic Society.—-A meeting of 
the Building Material Section. 13th 
March, 1952, Mappin Hall, The Univer- 
sity. Mappin Street, St. George’s Square. 
Sheffield 1. Subject for discussion 
“Soluble Salts in Bricks and Brickwork.” 
Afternoon visit to Sheffield Brick Co. Ld. 
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THE AUSTRALASIAN POTTERY MARKET 


Mr. John H. Wedgwood. 
deputy chairman-director of Josiah 
Wedgwood and Sons Ltd., reported to the 
Evening Sentinel, Stoke-on-Trent, — his 
comments as a result of a 3 months 
business tour to Australia and New 
Zealand. The points he stressed were 
that in Australia the market was almost 
entirely British, both for china and 
earthenware. and that demand exceeded 
supply. In the first 10 months of 1951 
over £2 million (at factory prices) of 
export pottery went to Australia and it 
was interesting to note that the retail 
figure is in the neighbourhood of three 
times that sum. 

Mr. Wedgwood commented on_ the 
very unfavourable balance of trade 
facing Australia. He referred to the 
66> per cent. sales tax on ornamental 
ware which obviously hit that aspect of 
the business, whilst in addition there was 
a sales tax or Purchase-tax on all table- 
ware. Undoubtedly credit restriction 
prevented stores from placing further 
orders because their overdrafts have 
been forcibly reduced. This resulted in 
a reduction of stocks and even sales in 
some of the Sydney stores in October. 
He added that there was no obvious 
evidence of a recession in buying by the 
public but he could not say when the 
larger stores” would begin taking new 
orders on a big scale. 

In New Zealand the leading stores 
were also fairly heavily committed for 
orders but the shipping strike interfered. 
present undelivered outstanding 
orders were in excess of year’s 
demand. Again the market was almost 
entirely — British. He thougnt there 
should be a quicker supply of matchings 
for the Australian market for replace- 
ments took a long time if they were out 
of stock. 


Japanese Competition 

Referring to the possibility of Japanese 
imports, he said that all dealers were 
anxious to keep them out, but there was 
always the difficulty that one might start 
and the practice would spread by com- 
petition. He said that few licences had 
been granted in Australia for Japanese 
pottery but he did not think that such 
restrictions could be indefinitely imposed. 
The wide application of restrictions would 
end in Britain being one of the greatest 
sufferers, although there was a preferen- 
tial rate on British pottery entering Aus- 
tralia this would make little difference to 
Japanese goods if Japan made a 


determined effort to capture the market. 

There was considerable anti-Japanese 
feeling in Australia both by the public 
and by traders and one suggested line of 
attack to meet Japanese competition was 
to persuade the Japanese to revalue the 
yen which he thought was under-valued. 

In respect of Japanese competition, he 
did add that we should do in Britain all 
we could to help the Australians to keep 
out Japanese goods. 

Commenting upon situation in 
Singapore, there a dealer stocked both 
British and Japanese pottery. The 
British went to the Chinese population 
who were not unnaturally anti-Japanese. 
and the Japanese stocks at cheap prices 
were sold mostly to the Europeans! 


EUROPEAN CERAMIC 
CONGRESS—1952 


N September, 1948, over 100 members 

of the British Ceramic Society took 
part in the first Congress of the Euro- 
pean Ceramic Association which was 
held in Holland. Last year members 
were invited to participate in the second 
Congress which was held in Switzerland. 
The third Congress is to be held in Paris 
from 12th-17th May, 1952, and members 
are again cordially invited to participate. 
The local arrangements are being made 
by the Confederation Industries 
Ceramiques de France. 

Further information can be obtained 
from Dr, A. T. Green, Hon. General 
Secretary, British Ceramic Research 
Association, Queens Road. Penkhull, 
Stoke-on-Trent. 


SILICON (ORGANIC) 
DEVELOPMENTS LTD. 


S from the Ist January, 1952, the 
manufacturing and selling activities 
of the Monsanto Chemicals Ltd., sub- 
sidiary company, Silicon (Organic) 
Developments Ltd.. were absorbed 
entirely by the parent company. From 
that date and in future all trading 
operations will be carried out under the 
name of Monsanto Chemicals Ltd.. and 
correspondence should be addressed to 
Silicon Chemicals Department, Victoria 
Station House, London, S.W.1, 
Silicon (Organic) Developments Ltd.. 
was acquired by Monsanto in November, 
1948. 
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RECENT CERAMIC COATINGS FOR 
HIGH-TEMPERATURE ALLOYS 


OUR AMERICAN CORRESPONDENT 


CERAMIC coatings recently de- the chemical action of hot corrosive 

4 veloped by the U.S. National  gases—particularly oxygen, lead bro- 
Bureau of Standards are substantially mide, sulphur compounds, and hydro- 
increasing the service life of high- carbons. The erosive effect of the gases 
temperature alloys, particularly in the impinging on the alloys at high velo- 


exhaust systems of aircraft. Most city seems also to be a factor in 
successful and widely used of these is certain types of service. 
the Bureau's ceramic coating A-417, The enamelled metals laboratory at 


which has been in commercial produc- the U.S. National Bureau of Stan- 
tion since early 1950. The new pro- dards has been working on ceramic 
tective material was developed by coatings for metals since 1942, and 
William N. Harrison, Dwight G. the newer A-417 is not the first coat- 


Moore and associates, under the spon- ing to have been used extensively. 
sorship of the U.S. National Advisory A-19 was developed particularly tor 
Committee for Aeronautics. The use on low-carbon steels, and has been 


coating is applied by spraying or dip- used regularly in- military aircraft 
ping and is then fired for a few production since 1944 and adopted 


minutes at 1,850° F. with slight modifications for a variety 
Ceramic coatings are applied to of non-military applications. 
heat-resistant alloys for protection In 1945 the U.S. National Advisory 


against such forms of deterioration as Committee for Aeronautics joined 
scaling and intergranular corrosion. with the Bureau’ to expand the 
Uncoated alloys suffer mostly from ceramic-coating research programme. 


Aircraft heat exchangers have longer life when coated with A-417. (Left) Unit of 
non-current design coated experimentally. (Right) An installed heat exchanger, 
with cover plate on. The units supply heated air for de-icing 
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TABLE I. 
Raw batch composition and computed oxide com- 
position for frit 331 used in the U.S. National 
Bureau of Standards ceramic coating A-417 


Computed oxide 
composition 
(Parts by weight) 
SiO. 38-0 

BaO 

B.O, 

CaO 

BeO 

ZnO 5-0 
100-0 


Raw batch composition 
(Parts by weight) 

Flint (SiO.) 38-00 
Barium carbonate 56°63 
Boric acid 11°50 
Calcium carbonate 7:14 
Berylium oxide 2°50 
Zine oxide 5-00 
120:77 


Because the better heat-resisting alloys 
in aircrait contain substantial amounts 
of scarce alloying elements, the Com- 
mittee was particularly interested in 
development of coatings to extend the 
service life of hot-operating — parts 
made of these alloys. The A-417 


TABLE 2. 

Composition of coating slip (mill batch), 
U.S. National Bureau of Standards 
ceramic coating A-417. 

Parts by 

welgeht 
Frit. 33] 70 
Chromic oxide (commercial) 30 
Enameller’s clay 5 
Water 48 


coating fthe~ most widely used 
development of the combined research 
programme. 

Coating A-417 is composed of a 
high-barium, alkali-free frit with a 30 
per cent. admixture of chromic oxide. 
The composition was selected on the 
basis of laboratory experiments in 
which a variety of compositions were 
studied, and the effect of various 


chemicals on heat resisting alloys was 
evaluated. 

The coating is applied in the form 
of a water suspension, or “slip,” and 
then fired. The result is a smooth, 
uniform,  green-coloured finish in 
controlled thicknesses between 0-001 
and 0-002 in. Thus far the coating 
has been used mainly with Inconel 
and 19-9DL, but it has also been ap- 
plied successfully to HS-21, S-816, and 
18-8. Indications are that A-417 can 
be used effectively with any of the 
common heat-resisting alloys. 

In making the frit, the ingredients 
(Table 1) are first smelted for several 
hours at 2.425° F. in either a crucible 
or a rotary or stationary furnace. A 
high-alumina refractory is desirable 
for the pot or lining material. After 
smelting, the molten mass is poured 
slowly into water. This shatters the 
glass into small fragments. To this 
frit are added chromic oxide, 
enameller’s clay. and water (Table 2). 
The mixture is then ground in a ball 
mill (Table 3). The result is a fine 
water suspension, in which the clay 
acts as the floating agent. 


3. 
Milling and coating recommendations for the U.S. National Bureau 
of Standards ceramic coating A-417 


Milling: 


of dry 


4 hours in 1 gal. ball mill with 1,050 g. 


material, 480 g. of water, and 


4.000 g. of 1 in. dia. porcelain balls. 


Milling fineness : 


Trace to g. on a 


No. 200 screen 


using SQ ml. sample of. slip. 


Particle size after milling: 


Largest particle: 
Smallest particle: 1 


80 microns 
micron 


Apparent average 


(numerical count): 


Specific gravity of slip: 


For dipping: 
For spraying: 
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8-10 microns 


1:80-1:94 
1°66-1°70 
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AUSTRALIAN 


ZIRCON 


(99°5°,, ZrSiO,—100, 200, 325 mesh and special purified 


ceramic grade) 


FOR CERAMIC GLAZES, VITREOUS ENAMELS, 
ELECTRICAL PORCELAINS AND REFRACTORIES 


F. W. BERK 


Commonwealth House, New Oxford Street, London, W.C.1 
Fountain House, Fountain Street, Manchester 2 


& CO., 


65, West Regent Street, Glasgow, C.2 


Metal-deformation tests have shown 
that A-417 gives excellent adherence 
with proper processing. Thorough 
cleaning of surfaces to be coated is 
particularly important for bes’ 
adherence. Although chemical clean- 
ing with dilute acid (pickling) will give 
moderately good adherence.  sand- 
blasting gives best results. Fifty or 
60 mesh foundry sand works. well 
when used with 60-80 Ib. air pressure. 
Steel grit is not recommended, and 
overblasting should be — avoided, 
especially on alloys sensitive to work 
hardening. Properly blasted metal 
surfaces have a satiny appearance. 
Oil and grease, either from handling 
or from oil in the air supply. must be 
scrupulously excluded. 

The right consistency of the slip is 
important for uniform coating, and 
prior to use the slip is adjusted to the 
proper specific gravity by adding 
water (Table 3). For spray coating, 
several commercial spray guns are 
suitable when equipped with the 
smaller  hard-alloy nozzles and 
operated at an air pressure of 50 Ib. 
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per sq. in. The rate of spraying ts 
carefully regulated. When the sprayed 
surface “wets over” with slip of the 
proper specific gravity, a coating 
thickness after drying of about 
0-001-0°002 in. results. 

Surfaces inaccessible for spraying 
may be coated by dipping the entire 
object. In the case of some items 
now in production, however, a similar 
result is accomplished more readily by 
flowing the coating slip on to inner 
surfaces from a flexible hose. The 
work is then agitated and inverted 
several times to drain off the excess. 
Although the desired final coating 
thickness is normally the same with 
dipping as with spraying, the slip must 
be adjusted to a different specific 
gravity to give this result (Table 3). 

The wet coating must be dried and 
then fired by heating it to 1,850° F. in 
a furnace for 3-10 min., the time 
depending on the size and weight of 
the coated article and on the furnace 
characteristics. The work then 
withdrawn from the furnace and 
allowed to cool to room temperature. 


CERAMICS 
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CERAMICS 

The high firing temperature makes 
A-417 unsuitable for ordinary low- 
carbon steels; distortion and warpage 
would be excessive on all but the 
simplest shapes. Also because of the 
firing temperature, an alloy with low 
oxidation resistance may present a 
problem; if an excessive amount of 
oxide forms before the coating fuses, 
the coating will be incapable of dis- 
solving the excess, and adherence will 
be defective. This trouble can be 
avoided by controlling the furnace 
atmosphere. 

The value of coating A-417 has 
been established both by laboratory 
tests and by substantial service 
experience. Metallographic examina- 


tion of test specimens shows that the 


Coated with A-417, this aircraft exhaust 
collector is still in satisfactory condition 
after 873 hours of service operation 


A-417 coating retards carbon absorp- 
tion from exhaust gases of high fuel- 
air ratios, corrosion from lead com- 
pounds present in the exhaust stream 
and oxidation of exterior surfaces in 
contact with the air. At the same 
time, A-417 coatings have good 
resistance to high-temperature flow: 
have high resistance to thermal shock 
adhere well, even after long testing at 
temperatures up to 1,650° F; and 
cover edges and welds effectively. 

In one laboratory test. A-417 coated 
Inconel was heated S00 hours at 
1,650° F. in air. The coating retained 
most of its initial properties: the 


adherence was almost as good as 
before heating, although there was 
some loss of gloss. There was no 
“burn-off,” “copper-heading,” or blis- 
tering. 

For over a year, Inconel heat 
exchangers used exhaust 
system of a large bomber to supply 
heated air for de-icing have been 
A-417 coated in regular production. 
Uncoated heat-exchanger parts had 
previously been failing after only a 
short time under some service condi- 
tions, apparently because of inter- 
granular corrosion. Since making 
design changes and coating the 
exchangers with A-417, the manufac- 
turer reports periods of trouble-free 
service many times as long.  Indica- 
tions are that the A-417 coating is 
contributing substantially to — this 
improved life. Since design changes 
were also made. though, further 
service tests are being conducted to 
determine accurately what portion of 
the multifold increase in life is attri- 
butable to the A-417. 


Other Applications 

Success of the A-417 coating with 
heat exchangers has led to other 
exhaust-system applications. Service 
tests by commercial airlines have 
shown that life expectancy of exhaust 
collector parts is increased by the 
A-417 coating, and coated exhaust 
system parts are now being produced 
in substantial quantity. 

I-40 gas turbine blades coated with 
A-417 have given encouraging results 
in accelerated laboratory _ tests, 
although data are limited. Even at 
high temperatures, the coating seems 
notably free from flow due to centri- 
fugal force. 

There has already been enough 
service experience with ceramic coat- 
ing A-417 to establish its value in 
extending the life of high-temperature 
alloys. Further service tests now 
under way, carefully designed to 
eliminate undesired variables. will 
ultimately yield further quantitative 
data. 

Other coatings recently developed 
by the Bureau show promise for some 
applications. For instance, several 
coatings, one of them a chromium- 
frit type, appear to have value for 
high-temperature protection of molyb- 
denum. Another ceramic-metal coat- 
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ing, laboratory tests indicate, prolongs 
the life of certain ceramal (ceramic- 
and-metal) materials: these ceramals 
show great promise for several operat- 
ing conditions such as those 
encountered by turbine blades. — Still 
another coating, 16AC, is being used 
successfully as an adhesive for moun- 
ting strain gauges for high-temperature 
strain observations. 


MR. H. HEWITT 


\ ENTIONED in the New Year 
4¥2i Honours List is Mr. Harold Hewitt 
(O.B.E.), of Chell Green, Stoke-on-Trent, 
general secretary of the National Society 
of Pottery Workers. He was in a pro- 
duction team which visited Italy in 1950 
to recruit’ girl decorators to improve 
that aspect of British pottery exports. 
Last year, when the industry was given 
a fortnight’s paid holiday instead of the 
former week, Mr. Hewitt sponsored an 
overtime scheme to maintain the produc- 
tion level. He started in pottery as a 
mould-maker, later became a trade union 
official, and was appointed secretary of 
the Pottery Workers’ Society in 1946. He 
is a member of the Midland Regional 
Board for Industry, chairman of the 
Pottery Industry J.C. and a member of 
Stoke-on-Trent City Council. He is also 
a member of the West Midlands Gus 
Consultative Council, 


QUICKFIT AND QUARTZ LTD. 


foundation stone of the extension 
of the Stone. Staffordshire. factory 
of Quickfit & Quartz Ltd. was laid re- 
cently by Sir Graham Cunningham, 
chairman and managing director of the 
Triplex Group of Comipanies. 

Sir Graham spoke of the rapid growth 
of the company, and the tremendous 
volume of export business, and referring 
to work to be undertaken in the new 
factory he said they would be producing 
the world’s largest glass pipeline 
namely. 18 in. in diameter. The factory 
was now unquestionably the largest 
chemical glass production plant in the 
British Commonwealth. if not the 
whole of the world. 

Reference was also made of the Com- 
pany’s profit-sharing scheme. which 
started in 1949 with a distribution of 6 
per cent. of the year’s wages; this was 
maintained in 1950, whilst in 195] the 
distribution was 15 per cent.—just short 
of eight weeks’ pay. 


JOHNSON. 


CERAMICS 


Wim. 


& SONS (LEEDS) LTD 
specialise in) machines and 
plants of interest to the 


following industries : 


BUILDERS 


BRICK AND TILE 
WORKS 


BLAST FURNACES 
CHEMICAL WORKS 
CORPORATIONS 
COLLIERLES 
CEMENT WORKS 


FUEL BRIQUETTE 
WORKS 


FIRE CLAY AND 
REFRACTORY WORKS 


GAS WORKS 


IRON AND STEEL 
FOUNDRIES 


LIME MANUFACTURERS 
METALLIFEROUS MINES 
ROAD CONTRACTORS 
SLATE QUARRIES 
SPELTER WORKS 


Wm. JOHNSON & SONS 
CASTLETON FOUNDRY 
ARMLEY, LEEDS 12 


Tel. & Cables: RONKSLEY, LEEDS 12 
Telephone : - . LEEDS 38453 
Codes: ABC 4th and Sth Edition 
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The Dowson & Mason annealing furnace designed for 12 in. and 16 in. hard glass tubes 


TELEVISION TUBE 
ANNEALING FURNACE 


| UE to the variation in glass thick- 

ness of cathode ray tubes the 
problem of heating without causing 
undue strains in the glass calls for 
special design of equipment for this 
duty. 

The furnace illustrated was designed 
for hard glass tubes of 12 in. and 16 
in. dia. and has an overall length of 
15 ft. and a width of 2 ft. 9 in. The 
heating chamber is 4 ft. 3 in. long and 
natural draught burners are positioned 
to give the desired heat pattern to the 
tubes being heated. Because of the 
importance of heating the tubes evenly 
and avoiding strains in the glass the 
shape of the lightweight insulating re- 
fractory lining follows the contour of 
the cathode ray tube, and shaped end 
plates are fitted when tubes of smaller 
dia. are being annealed to reduce 
radiation losses. 

The tubes are carried on malleable 


iron chains at 20 in. centres and the 
furnace has an output of eight 16 in. 
dia. tubes per hour, each weighing 16 
lb. The tubes enter at between 400° and 
S00° C., attaining a maximum tem- 
perature of 600° C. and leave the fur- 
nace at approximately 400° C. The 
heating and soaking time is 21 min. 
and the cooling time 27 min. 

The furnace was designed and built 
by the Dowson and Mason Gas Plant 
Co. Ltd., of Manchester and installed 
at a well-known factory in the South 
of England. A second furnace has 
been put into use and further units 
are contemplated. 


General Metallurgical & Chemical Ltd. 

Appointments announced by this Com- 
pany are that Mr. Leslie H. Collins has 
been appointed general manager. and 
Mr. James F. Widman a director and 
manager. Chemicals Division. 
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CERAMICS 


AMERICAN LITERATURE 


MONG tthe articles published in the 

Journal of the American Ceramic 
Society for December, 1951, are the fol- 
lowing. together with a short summary 
of each: 


Firing and Cooling Shrinkage Be- 
haviour of Structural Clay Bodies. R. R. 
Van Der Beck and J. O. Everhart, En- 
gineering Experiment Station, The Ohio 
State University, Columbus, Ohio: 

Length change determinations on nine- 
teen sewer pipe bodies were used to 
study the shrinkage of structural clays. 
Determinations over both heating and 
cooling cycles were included. Many of 
these materials are used in the produc- 
tion of other structural clay products and 
they represent mixes of shales and clays 
commonly used throughout the industry. 
The data consequently are of interest to 
all producers of structural clay products. 
A description of the techniques employed 
in securing the data, as well as a dis- 
cussion and interpretation of the results, 
is given. Particular emphasis is placed 
on the possibility of conserving fuel and 
firing time. as well as reducing rejects, 
by applying information obtained. — It 
was found that nearly all the shrinkage 
occurs In a very small portion of the 
total firing cycle. and that there are 
periods of slight volume change where 
considerations of shrinkage are of small 
consequence in firing. 


Viscosity Studies of Titania Porcelain 
Enamels. W. Heimsoeth and F. R. 
Meyer, Farbenfabriken Bayer. Lever- 
kusen, Germany: 


The influence of TiO. on the viscosity 
curve of various porcelain enamels, par- 
ticularly B.O,-free enamel  frits, is 
examined by measuring the absolute vis- 
cosity at temperatures ranging from 
about 1,300°-1,800° F. with the aid of 
a drawn-ball viscosimeter. The viscosi- 
ties measured lie between 250 and 25,000 
poises, In general TiO, decreases the vis- 
cosity. With enamels of low SiO. con- 
tent (phosphate enamel) the effect is the 
opposite. The viscosity - temperature 
curves of the enamel frits studied are 
compared with those of standard B.O 
enamels. The fluxing effect of TiO, in 
the silicate frits frequently makes a re- 
duction of the B.O, content of standard 
enamels possible thus favouring the re- 
sistance to acid, the refractive index, and 
the scratch resistance. 


Elastic and Flow Properties of Dense, 
Pure Oxide Refractories. J. F. Wygant. 
Engineering Research Department, Stan- 
dard Oil Company (Indiana). Chicago. 

Mechanical properties. including creep 
rates, were measured for slip-cast: mag- 
nesia, hydrostatically pressed miugnesia. 
thoria, zircon, and mullite. None 
equalled alumina or zirconia in strength. 
rigidity or creep resistance. Although 
mullite was found to have good proper- 
ties, Magnesia showed the best properties 
of the oxides tested. Thoria was very 
weak, zircon was highly plastic above 
1,000° C. Elastic and flow’ properties 
were determined primarily by the crystal 
structure and atomic bonding of the 
oxides and secondarily by grain boundary 
conditions. 


| ESTABLISHED 1913 
i| 


| POTTERIES VENTILATING | 
| & HEATING COMPANY | 


Dust Collecting 


Drying 


PROPRIETOR—BRITTAIN ADAMS 


Warm Air 
Heating 


Vacuum Cleaning | 


Ventilation 


STOKE-ON-TRENT | 


TELEPHONE STOKE-ON-TRENT 84205-6 


| 
TUNSTALL - 


j 
i 
‘ 
; 
| 
| 
} 
| | ; 
| | 
| 
| || 
| 
4 
‘ 
* * | 
| 
| | 
| 
| 
587 


CERAMICS 


The Location of Sodium by Nuclear 
Activation in Glass-corroded Tank Block 
Refractories. K. M. Laing. D. E. Em- 
hisher, J. V. Fitzgerald and R. E. Jones, 
Glass Division Research Laboratories. 
Pittsburgh Plate Glass Co., Creighton, 
Pennsylvania: 

The location and concentration of 
sodium in refractory sampies tested in 
molten plate glass was shown by two 


nuclear physics techniques, activation and 
isotope tracing. Detection of the radio- 
active atoms was accomplished by photo- 
graphic plates (autoradiography). Cor- 
rosion by molten glass was carried out 
either in a small glass melting tank or in 
hot glass in a platinum crucible. Clay- 
grog fused-cast refractories were 
tested. The results were anomalous, but 
illuminating. 


SKATOSKALO 


DRIVES (GILMANS) 

LTD.. 195 High Street. Smethwick. 
Staffordshire. are marketing flexible 
drive machines tools specially 
designed for boiler scaling and tube 
cleaning under the trade name “Skato- 
skalo.” They claim that they were 
used by many Government departments 
during World War Il--about half a 
million feet being supplied. They also 
say that 90 per cent. of the electricity 
generating stations have installed the 
equipment for boiler tube cleaning. The 
equipment has been demonstrated at a 
rubber works in Manchester on 50-year- 
old boilers where one “Skatoskalo” 
machine had been used for 40 years with 
the cost of machine replacements 
amounting to £5 per annum. 

The prime mover is a mobile motor 
connected to a flexible drive carrying 
carborundum wheels or abrasive discs. 
As well as cleaning boiler tubes the 
equipment has béen used to remove old 
paint and rust with wire brushes. The 
point is that it is possible with the 


The “Skatoskalo”’ unit in operation 


Typical examples of pipe scaling 


equipment to take the machine to the job 
instead of the job to the machine. Types 
of heads which can be used with the 
flexible drive equipment include a boring 
head for opening up tubes which are 
made up with scale—heads for scaling 
Lancashire boilers, tube scaling heads 
from 3-8 in. dia., grinding wheels and 
steel wire brushes. 


CERAMICS— CORRESPONDENCE 


A READER writes asking whether 
there are any tynes of cements which 
can be used in the repair of china and 
glass, as well as the restoration of porce- 
lain, both new and antique. The reader 
believes that some of the cements known 
as “black treacle.” “brown treacle” and 
“glass honey” cements, and “chloroform” 
cement. are frequently used. Can any 
reader let us have the information to: 
“Ceramics,” Arrow Press Ltd.. 157 Hag- 
den Lane, Watford, Herts. 
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A MANUAL 


INCE publication of the article on 
“Mechanical Cup Turning” 
(CERAMICS, November, 1951), F. Mal- 
kin and Co. Ltd. have begun produc- 
tion of a simple, hand-operated jigger, 
incorporating several features of 
interest to users of their cup turning 
machine. 

In the article, stress was laid on the 
necessity of maintaining the inside 
shape and size of cups coming from 
the making machines. It was men- 
tioned, also, that such a requirement 
would necessitate the use of means 
whereby the profile tool in its holder 
could be accurately re-fixed in its 
correct position relative to the cup 
mould when required. 

This being so, and assuming that it 
is intended to employ jolleying tools 
of tungsten carbide, it will not be 
necessary to remove the tool from its 
holder for months at a time; but it 
may well be that the jolley tool and 
holder—as a_ unit—will often be 
removed, especially where a number 
of different shapes of cup are pro- 


O 


Cup jigger. 
incorporating 
Malkin patent 
spindle and 
positive tool 
location 


CUP JIGGER 


duced from one jigger. Means of 


doing this are provided on the new 
machine, which has been designed 
with the vital importance of such pro- 
vision well to the fore. 

However, as will be appreciated, not 
only must it be possible to maintain 
the setting of the jolley tool and 
holder; it must also be possible to 
ensure that the relative position of the 
jigger spindle remains undisturbed. 
Such disturbance may occur with the 
traditional spindle when it becomes 
necessary to re-condition the jigger 
head, or to carry out repairs to the 
spindle itself. 


Patented Spindle 


With this in mind, the new jigger 
incorporates a spindle for which 
British Patent No. 622,809 has been 
granted. The spindle is of robust 
construction. It is mounted on a 
single, ball-race bearing of substantial 
proportions, and has a plain, sleeve 
bearing of the sintered, oil-retaining 
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type. The spindle housing is ac- 
curately located in the jigger frame, 
and it is easily removed and re-fitted 
when necessary. 

Special attention has been paid to 
means of attaching the jigger head, 
and the threaded end of the spindle is 
adequately proportioned in order that 
jigger heads may be transferred to 
other, similar spindles, and still run 
true. Jigger heads may also be re- 
conditioned by using a “dummy” 
spindle end, thus making it unneces- 
sary to remove the spindle from the 
jigger—except on very rare occasions 


when re-servicing is necessary. 

In a works where cups are being 
produced for later processing on a 
turning machine the value of these 
features is obvious, but it may be 
mentioned that much tool-setting time 
is being saved by users of the jigger 
who are not concerned with the 
turning process at all. 

The jigger may be used either with 
a continuously rotating spindle or with 
an intermittent, electrical drive con- 
trolled by suitable switchgear actuated 
by the normal movement of the jolley 
arm. 


BRITISH POTTERY MANAGERS’ 
ASSOCIATION 


OFFICIALS’ 


AND 


Stoke and Hanley Branch 


January meeting was held in 
Hanley Town Hall, and was opened 
by Mr. G. Mountford who welcomed 
the new chairman, Mr. I. R. Forse. 

Mr. Mountford was again elected to 
the post of branch secretary, and the 
meeting also elected the following 
members to serve on the Association's 
Executive Committee, in addition to the 
branch chairman and secretary: 

Mr. W. J.. Brown, Mr. E. J. Creyke, 
Mr. E. Evans. Mr. S. Glover, Mr. A. 
Seddon, Mr. E. T. Mayer, Mr. J. Stan- 
nistreet, 

The branch nominated the following 
members for consideration at the annual 
meeting: 

President elect. Mr. G. Mountford; 
chairman of the executive, Mr. W. J. 
Williams; business manager, Mr. J. S. 
Adams; secretary, Mr. F. H. Timmins. 


The chairman stated that it was 
intended to carry on the policy of the 
branch in arranging for each meeting to 
include a talk, discussion, or similar 
business, as these items have in the past 
proved of great value and interest to 
members, and he asked for members 
who have not yet contributed to consider 
doing so during the year. It was also 
intended to arrange a series of visits to 
other industries, starting with a visit to a 
gypsum mine which would be followed 
by a talk on plaster at a branch meeting. 

Mr. J. Stannistreet gave a talk on 
“Clays and Provocatives” which was very 
well received, and the secretary was 
asked to arrange for a further talk by 
Mr. Stannistreet at a later date. 

A vote of thanks to the speaker was 
proposed by Mr. S. Glover and seconded 
by Mr. D. Robinson, 


POTTERY TRENDS ABROAD 


Me G. FRANCIS WOOD, managing 


director of Wood and Sons Ltd., 
Burslem, spoke recently at the annual 
dinner, given to members of the works 
council and staff, at the Grand Hotel, 
Hanley. 

He said that earthenware exports, up 
to November last were valued at more 
than £10.000,000, compared with 
£9,000,000 for the whole of 1950, but the 
actual volume of ware exported gave a 
slight decrease, which showed that there 
was a growing sales resistance to British 
pottery. 


Manufacturers now had to sell their 
goods instead of waiting for buyers to 
place orders, and customers are getting 
much more particuTar about what they 
are buying, and are insisting on delivery 
dates. 

The prices of our goods on overseas 
markets have reached such a level that 
any further increase cannot fail to have 
a very detrimental effect on our sales. 

Wages increases were cancelled out by 
rising prices, said Mr. Wood, who 
hoped that the Government would do 
something to stop the spiral. Competi- 
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tion from abroad is increasing, he added. 

We must try to educate backward 
countries up to a _ better standard of 
living, but we cannot stop them putting 
out their goods. In fact, Japan cannot 
possibly get back on to her feet unless 
she is allowed to export. 


CERAMICS 


To stay in the world’s markets, we 
must be prepared to produce goods of 
the best possible quality and to give the 
best possible service, whilst maintaining 
that quality of design and technique for 
which we had long been recognised. 
(Acknowledgment: “Sentinel,” Hanley.) 


This midget winch 
and scaffold jib dis- 
played by A. C. E. 
Machinery Ltd., at 
the recent Building 
Exhibition, Olympia, 
provides for a5cwt. 
lifting capacity with 
a maximum jib 
radius of 5 ft. A 
good working clear- 
ance from the scaf- 
folding is afforded 
and all normal loads 
can be speedily 
hoisted to the 
working level 
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FOR SALE 


TSED BROKEN SCOTTISH STEEL WORKS FIREBRICKS, hand 
cleaned. regularly for sale. Thomas Mouget & Co. Ltd.. 24 Cornfield 
Road, Middlesbrough. 


APPOINTMENT VACANT 


By CHEMIST REQUIRED by Nelson Research Laboratories, 
English Electric Co. Ltd., Stafford, with experience in the analysis of 
ceramic raw materials and finished products. Please write giving full details, 
quoting ref. 415G to Central Personnel Services, English Electric Co. Ltd., 
24-30 Gillingham Street, London, S.W.1. 


APPOINTMENT VACANT 


IRECLAY REFRACTORIES, STOURBRIDGE. Foreman Works Mana- 

ger, capable of controlling labour, installing and maintaining machinery 
essential. Experience of Continuous and Intermittent Kilns with Pyrometer 
control and records. House provided. Salary commensurate with qualifica- 
tions and experience. Written applications stating full details, age. salary, ete., 
to Box No. 8, CERAMICS, 157 Hagden Lane, Watford, Herts. 


APPOINTMENTS VACANT 


ONDON BRICK CO. LTD. invites applications to fill two vacancies in its 

4 Technical and Research Department, located near Bedford. 

(1) A senior staff post in charge of fundamental studies of materials and 
processes used in the production of heavy clay goods. 

Studies include the effect of mineral composition on the properties of 
clays and their processing, the heat treatment of clays, work on the flow 
of gases at temperature and other problems of heat transfer to clay goods. 

Applicants should be Honours University Graduates with good research 
experience. 

(2) A staff position for which the applicant should preferably hold a Univer- 
sity Degree or the equivalent. and must have experience of brick kiln 
operation. 

The salaries for both positions will be commensurate with the appli- 
cant’s qualifications and experience. 

A house will be available for the successful applicant for the senior 
position. 

Apply. giving full particulars of qualifications and experience to: 
London Brick Co. Ltd.. Africa House, Kingsway, London, W.C.2. 


This is an Arrow Press Publication. Published Monthly. 
Subscription Rate 25s, per annum. 
Published by Arrow Press Ltd. at 157 Hagden Lane, Watford, Herts. 
Telegrams: “Techpress, Watford.’ Telephone: Gadebrook 2308/9, 
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ELEVATED TEMPERATURE 
FIRING CYCLES 
for 
SPECIALISED PRODUCTS 


and 


SINTERING 
POWDERS 


PRODUCTS FOR 
RADAR, RADIO 
AND 
PROPULSION 
ENGINEERING 


are successfully obtained in 
BRICESCO TUNNEL KILNS 


BRITISH CERAMIC SERVICE CO. LTD. 
Bricesco House, 1 Park Avenue, Wolstanton, Stoke-on-Trent 
Telegrams: Bricesco—S.O.T. Telephone: S.O.T. 87404 
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ER, BETTER at LESS COST 


AUGUST-SIMPSO 
MIX-MULLERS 


These latest type Simpson ‘“‘Mix-mullers”’ 
provide ‘the heart’ of your dry-mix 
process. Through the use of air-floated 
clays the need for blungers, filter presses, 
and magnetic separators is eliminated. 
Proved in use on (a) Refractory Brick 
(b) Electrical porcelain (c) Tiles and 
other ceramic bodies. 

Results are extremely accurate— 

each batch is controlled to 

desired specifications. 


DEMONSTRATIONS : 


Our demonstration plant is 
available for either small or 
large-scale tests with your own 
materials. All tests are treated 
confidentially. 


Inset picture shows the No. 2 size with mullers (adjustable 
for height from bottom of pan) and the plows which turn 
over the material and direct it in front of the mullers. The 
Hood (not shown) supplied as standard for all ceramic 
installations. 


The AUGUST-SIMPSON MIX-MULLER Model 00 

for laboratory or pilot plant work—capacity } cu. 

ft. per batch. Automatic discharge, this model 

is fitted with a Three-speed Drive. Se 
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